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DESCRIPTION 

P_M^INE DERIVATIVE AND A PROCESS 
FOR THE PREPARATION THEREOF 

TECHNICAL FIELD jj-aianine derivative 

The present invention . ^ore 

and a phar^aceutically ^^^^l^^ll^^^^ derivative and a 
particularly, it relates ^ ^^^^^^^^ antagonist, 

salt thereof whxch f f °f ° ^,,,^,on and inhibitor of 
inhibitor of blood platelets . 
the binding of fibrinogen to bio 
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BACKGROUND ART 



Xn European .atent Application No. 512 331 Al , there 
ffl^ '^ ..H..noaen receptor antagonists 
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disclosed fibrinogen ^^^^^^ _ ,,3, ,95 A2 , there 

X. European Patent -^^-=;;;;;,,,,,,s aggregation, 
are disclosed inhibitor of blood p 

DISCLOSURE OF INVENTION p_alanine derivative 

The present invention ■ / .^^.^es to 

an. a salt thereof. ^ -rrt^ero; wbich is 

:r;c::ro:ernnr;iria^^^^^^^^^^^^ - — - --^^^^ 

aggregation, and useful as . treatment of 

a drug for the prevention and/ .^^.^^al 
diseases caused by ---^^ l—rc heart diseases 
.hro:«bosis ; "-^-/^/f/^^^rtl^.e angina pectoris , 
[e.g. angxna pectoris ^^"^ ix«ainent infarction, 

unstable angina P-^^^V^^^'f/ ' ,,.te myocardial 
myocardial infarction ( ^9^ _ ^ ^ 

infarction., etc.), ^ ^jjT,,.....on ,e.g. cerebral 
brain diseases [e.g. -"^^'J^^^.^osis , etc.), 
thrombosis (e.g. acute ce cerebral ischemia 

cerebral embolism, etc.}, tran 
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(e.g. transient ischemic attack, etc.), cerebrovascular 
spasm after cerebral hemorrhage (e.g. cerebrovascular 
spasm after subarachnoid hemorrhage, etc.), etc ]• 
pulmonary vascular diseases (e.g. pulmonary thrombosis 
pulmonary embolism etc.); peripheral circulatory disorder 
[e.g. arteriosclerosis obliterans, thromboangiitis 
obliterans (i.e. Burger's disease), Raynaud's disease 
complication of diabetes mellitus (e.g. diabetic 
angiopathy, diabetic neuropathy, etc.), phlebothrombosis 
(e.g. deep vein thrombosis, etc.), etc.] or the like; 

a drug for the prevention and/or the treatment of 
restenosis and/or reocclusion such as restenosis and/or 
reocclusion after percutaneous transluminal ' coronary 
angioplasty (ptca), restenosis and/or reocclusion after 
the administration of thrombolytic drug (e.g. tissue 
plasminogen activator (TPA), etc.) or the like; 

a drug for the adjuvant therapy with thrombolytic 
drug (e.g. TPA, etc.) or anticoagulant (e.g. heparin 
etc . ) ; 

a drug for the prevention and/or the treatment of the 
thrombus formation in case of vascular surgery, valve 
replacement, extracorporeal circulation [e.g. surgery 
(e.g. open heart surgery, pump-oxygenator , etc.) 
hemodialysis, etc.], transplantation, or the like; 

a drug for the prevention and/or the treatment of 
disseminated intravascular coagulation (DIG), thrombotic 
thrombocytopenia, essential thrombocytosis, inflammation 
(e.g. nephritis, etc.), immune diseases, or the like; 

a drug for inhibiting of metastasis; or the like. 

The P-alanine derivative of the present invention is 
expected to be useful as an inhibitor of cell adhesion and 
so is expected to be useful as 

a drug for the prevention and/or the treatment of 
disseminated intravascular coagulation (DIG), thrombotic 
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thrombocytopenia, essential thrombocytosis, inflammation 
(e.g. nephritis, etc.), immune diseases, or the like; 
a drug for inhibiting of metastasis; or the like. 

5 Accordingly, one object of the present invention is 

to provide ;3-alanine derivative or a salt thereof which is 
useful as stated above. 

Another object of the present invention is to provide 
^ processes for preparation of said 3-alanine derivative or 

^JlO a salt thereof - 

m ^ further object of the present invention is to 

in provide a pharmaceutical composition comprising, as an 

active ingredient, said P-alanine derivative or a salt 
f=i thereof. 

Still further object of this invention is to provide 
methods of using said p-nlanine derivative or a salt 
thereof for the prevention and/or the treatment of 
aforesaid diseases in a human being or an animal. 

The object 3-alanine derivative of the present 
invention can be shown by the following formula (I) : 
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(I) 



wherein r1 is N-containing cycloalkyl which may have one 

or more suitable substituent f s ^ , 
3 0 2 • V y f 

R is carboxy or protected carboxy, 

A^ is lower alkylene, lower alkanyl-ylidene or 
lower alkenyiene, each of which may have 
one or more suitable substituent ( s ) , 
a2 is lower alkylene, 

A is lower alkylene which may have one or more 
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suitable substituent ( s ) , 
is a group of the formula: 



N 




N 

( wherein ig N-containing 

heterocyclic group which may have one or 
more suitable substituent ( s ) ), 
cn .• X is O, s or NH, 

in Y is NH, 

1^15 O r3 ' r3o or O 

Ul ( wherein r3 ig hydrogen or lower alkyl), 

I ^ ' n are each the same or different an 

£3 integer of 0 or 1, 

or a pharmaceutically acceptable salt thereof. 



The object compound (I) or a salt thereof can be 
prepared by the following processes. 



Process 1 



or its reactive derivative or its reactive derivative 

at the carboxy group at the amino group 

or a salt thereof or a salt thereof 
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O 



(la) 

or a salt thereof 



ho 



as 



Process 2 



R^-rX-)-^Ai-c-N 



O 



R- 



a2-)— <:oOH + hn-a^-r2 



(IV) 

or its reactive derivative 
at the carboxy group 
or a salt thereof 



20 



(V) 

or its reactive derivative 
at the amino group 
or a salt thereof 



25 



R^-fXt^Al-C-N 



R- 



n 



-C-N-A^-r2 



O 



(lb) 

or a salt thereof 
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Process 3 



10 



tg 



m 



NH 



O 



:vT) 



or its reactive derivative 
at the amino group 
or a salt thereof 



r2-a^-C00H 



(VII) 

or its reactive derivative 
at the carboxy group 
or a salt thereof 



' i " 

O 



N-C-A^-r2 



O 



(ic) 

or a salt thereof 



Process 4 



25 



O 



N 



m 



— -^A^o 2-A^-r2 



elimination reaction 
of amino protective 
group 



n 



(Id) f 
or a salt thereof 



30 



N 



m 




-f-A^-) 2-a3-r2 

n 



(le) 

or a salt thereof 
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Process 5 



elimination reaction 
of carboxy protective 



^ group 



0 



(If) 



Q"^^ s salt thereof 



N 



I, 

rls 0 

□ (ig) 

ill or a salt thereof 

Process 

So 



protecting reaction 
^ of amino 



25 



(le) 

or its reactive derivative 
at the amino group 
or a salt thereof 

30 

N 



^ II n 

0 



35 



(Id) 

or a salt thereof 
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Process 7 



protecting reaction 

N 



-, 1 /^'N carboxy 

V J '"1 



o ■. 

(ig) 

or its reactive derivative 
at the carboxy group 
or a salt thereof 



_ n 
O 

(If) 

or a salt thereof 



Process a 



25 



m 



elimination reaction 
of amino protective 
group 



30 



(Ih) 

or a salt thereof 
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N 



o 



or a salt thereof 



Process 9 



N 



acylation reaction 
of amino 



in 



n 



-a3-r2 



o 



or its reactive derivative 
a.t the amino group 
or a salt thereof 



R-'— fX^ 



m 



N 



0 



(Ih) 

• or a salt thereof 

Wherein r1, h2 , ^3, ^1, ^2, a3 , ""(^ , "O"' X, z, 

^ / m and n are each as defined abov^T'''^ 

Ra is N-containing cycloalkyl having amino 

protective group, which may have one or 
more suitable substituent ( s ) , 
R^ is N-containing cycloalkyl which may 

^ have one or more suitable substituent ( s ) , 

Ra is protected carboxy, 

Aa is lower alkylene having protected amino, and 
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is lower alkylene having amino. 



c IS acylamino. 



The starting compound (IV) or a salt thereof is novel 
and can be prepared by the following schemes. 



Process A 



R-'-tXt^A^-COOH + 
(II) 

or its reactive derivative 
at the carboxy group 
or a salt thereof 




(VIII) 

or its reactive derivative 
at the amino group 
or a salt thereof 



R^-txt— aI-<:-n -Wa2^ r5 

II ^ 
O 



n 



Process B 



(IX) 

or a salt thereof 



R^-exty-A^-c-N 



0 




n 



elimination reaction 
of carboxy protective 
group 



(IX) 

or a salt thereof 



O 
(IV) 

or a salt thereof 

wherein rK , -N^^^, x, and n are each as 

defined above, and 
is protected carboxy. 

The starting compound (V) or a salt thereof is novel 
and can be prepared by the following schemes. 

Process C 



A'^-Si-(R^) 



A^ — Si-(R^) 



O 



-NH 



O 



(1) 



N OH 



(2) 



Lipase- 
catalized 

(3) 
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acid/R^^-OH 



O 



-NH 



«2N \ .COOrII 



-1 



ll5 



To 



25 



30 



6) 



(Va) 

or a salt thereof 



'rocess D 



CHO 



wittig reaction 



-N 



\ 



Si 



(7) (8) 
[ (R^)3-Si]2NLi 



(f Si 



(9) 



■( r6) 



H 



(10) 



r 



acid/R^-~OH 



A N 

^O^ ^Si 

Vr6)3 



(11) 



H 

L 



COOR 
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(Vb) 

or a salt thereof 
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wherein A4 ^3 ^^^^^ ^j^y,^^^^^^ ^ 

Three are independently lower aikyl, 
R*^ is lower alkyl. 
Two r2 are independently halogen, 
5 Three R^ are independently lower alkyl, and 

R-^^ is lower alkyl. 

Among the starting compounds (II), (III), (IV), (V) , 
f=l (VI), (VII), (VIII), and (IX), there are novel compounds. 

^ilO They can be prepared from the known compounds in a 

Jjr conventional manner in this field of the art or the 

similar manners to those disclosed in Preparations and/or 
•Examples mentioned later in the present specification. 



in 
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Suitable pharmaceutically acceptable salts of the 
object compound (I) are conventional non-toxic salts and 
include a metal salt such as an alkali metal salt [e.g. 
sodium salt, potassium salt, etc.] and an alkaline earth 
metal salt [ e . g calcium salt, magnesium salt, etc.] an 
aimnonium sa'lt, an organic base salt [e.g. trimethylamine 
salt, triethylamine salt, pyridine salt, picoline salt 
dicyclohexylamine salt, N, N-dibenzylethylenediamine salt, 
etc.], an organic acid addition salt [e.g. formate, 
acetate, trif luoroacetate , maleate, tartrate, 
25 methanesulf onate, b4nzenesulf onate, toluenesulf onate , 

etc.], an inorganic acid addition salt [e.g. 
hydrochloride, hydrobromide , hydroiodide, sulfate, 
phosphate, etc.], a salt with an amino acid [e.g. arginine 
salt, aspartic acid salt, glutamic acid salt, etc.] and 
30 the like. 



35 



In the above and subsequent descriptions of this 
specification, suitable examples of the various 
definitions are explained in detail as follows : 
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The term "lower" is intended to mean 1 to 6 carbon 
atom(s), unless otherwise indicated. 

The term " higher - is used to intend a group having 7 
to 20 carbon atoms, unless otherwise provided. 

The preferable number of the "one or more" in the 
term "one or more suitable substituent ( s ) " may be 1 to 4 

Suitable "lower alkyi" may be straight or branched 
ones such as methyl, ethyl, i sopropyj , prnpyl , but yl, 
isobutyl, sec-butyl, t-butyl, pentyl , hexyl or the like. 

Suitable "protected carboxy" may be a conventional 
protecting group such as an esterified carboxy group, or 
the like, and concrete examples of the ester moiety in 
said esterified carboxy group may be the ones such" as 
lower alkyl ester [e.g. methyl ester, ethyl ester, propyl 
ester, isopropyl ester, butyl ester, isobutyl ester, tert- 
butyl ester, pentyl ester, hexyl ester, 1-cyclopropyiethyl 
ester,. etc.] which may have suitable substituent ( s ) , for 
example, lower alkanoyloxy( lower ) alkyl ester [e.g. 
acetoxymethyl ester, propionyloxyraethyl ester, 
butyryloxymethyl ester, valeryloxymethyl ester, 
pivaloyloxymethyl ester, 

1- acetoxyethyl ester, 1-propionyloxyethyl ester, 
pivaloyloxyethyl ester, 2-propionyloxyethyl ester, 
hexanoyloxymethyl ester, etc.], lower- 

alkanesulfonyl(lowerO alkyl ester [e.g. 2-mesylethyl ester, 
etc.] or mono (or di or tri ) halo ( lower ) alkyl ester [e.g. 

2- iodoethyi ester, 2 , 2 , 2-trichloroethyl ester, etc.]; 
higher alkyl ester [e.g. heptyl ester, octyl ester, 
3,5-dimethyloctyl ester, 3 , 7-dimethyloctyl ester, nonyl 
ester, decyl ester, undecyi ester, dodecyi ester, tridecyi 
ester, tetradecyl ester, pentadecyl ester, hexadecyl 
ester, heptadecyl ester, octadecyl ester, nonadecyl ester, 
adamantyl ester, etc . ] ; 

lower alkenyl ester [e.g. ( C2-C6 ) alkenyl ester (e.g. 
vinyl ester, allyl ester, etc . ) ] ; 



i 
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lower alkynyl ester [e.g. (C2-C6)alkynyl ester (e.g. 
ethynyl ester, propynyl ester, etc . ) ] ; 

ar (lower) alky 1 ester which may have one or more suitable 
substituent(s) [e.g. phenyl ( lower ) alkyl ester which may 
5 have 1 to 4 lower alkoxy, halogen, nitro, hydroxy, lower 

alkyl, phenyl, or halo ( lower ) alkyl , (e.g. benzyl ester 4- 
methoxybenzyl ester, 4-chloroben2yl ester, 4-nitrobenzyl 
ester, phenethyl ester, trityl ester, benzhydryl ester, 
bis (methoxyphenyl) methyl ester, 
a ^° 3,4-dimethoxybenzyl ester, 4-hydroxy-3 , 5-di-tert- 

I butylbenzyl ester, 4-trif luoromethylbenzyl ester, etc.)]; 

m ester which may have one or more suitable 

m substituent(s) [e.g. phenyl ester which may have 1 to 4 

lower alkyl, or halogen, (e.g. phenyl ester, 4- 
chlorophenyl ester, tolyl ester, 4-tert-butylphenyl ester, 
xylyl ester, mesityl ester, cumenyl ester, etc . ) ] ; 

cycloalkyloxycarbonyloxy(lower)alkyl ester which'may have 
lower alkyl (e.g., cyclopentyloxycarbonyloxymethyl ester, 
cyclohexyloxycarbonyloxymethyl ester, 
cycloheptyloxycarbonyloxymethyl ester, 

1-methylcyclohexyloxycarbonyloxymethyl ester, l-(or 2-)- 
[ eye lopentyloxycarbonyloxy] ethyl ester, l-(or 2-)- 
[cyclohexyloxycarbonyloxy] ethyl ester, l-(or 2-)- 
[cycloheptyloxycarbonyloxy] ethyl ester, etc.), etc . ] ; 

(5-(lower)alkyl-2ioxo-l,3-dioxol-4-yl)(io„er)alkyl ester 
[e.g., (5-methyl-2-oxo-l,3-dioxol-4-yl)methyl ester, (5- 
ethyl-2-oxo-l,3-dioxol-4-yl)methyl ester, ( 5-propyl-2-oxo- 
l,3-dioxol-4-yl)methyl ester, l-(or 2- ) ( 5-methy-2-oxo-l , 3- 
dioxol-4-yl)ethyl ester, l-(or 2- ) ( 5-ethyl-2-oxo-l , 3- 
dioxol-4-yl)ethyl ester, l-(or 2- ) ( 5-propyl-2-oxo-l , 3- 
dioxol-4-yl) ethyl ester, etc.]; or the like, 

in which the preferred one may be lower alkyl ester, 
lower alkanoyloxy(lower)alkyl ester, ar(lower )alkyl ester 
which may have one or more suitable substituent ( s ) , 
cycloalkyloxycarbonyloxy( lower) alkyl ester which may have 
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lower alkyl, higher alkyl ester, and [ 5- ( lower )alkyl-2- 
oxo-l,3-clioxol-4-yl] (lower )alkyl ester ; 

and the more preferred one may be methyl ester, ethyl 
ester, isobutyl ester, butyl ester, pentyl ester, hexyl 
ester, benzyl ester, 4-trif luoromethylbenzyl ester, 4- 
chlorobenzyl ester, adamantyl ester, ( S-methyl-2-oxo-l , 3- 
dioxol-4-yl)raethyl ester, (1- 

cyclohexyloxycarbonyloxy) ethyl ester and pivaioyloxymethyi 
ester . 



Suitable "lower alkanyl-ylidene" may include straight 
or branched one such as methine, l-ethanyl-2-ylidene , 1- 
propanyl-3-ylidene, 2-methyl-l-propanyl-3-ylidene, 7- 
pentanyl-5-ylidene, l-hexanyl-6-ylidene and 'the like, 

in which the preferred one may be (C1-C4 )alkanyl-ylldene; 
and the more preferred one may be methine. 

Suitable "lower alkylene" may include straight or 
branched one such as methylene, ethylene, triraethylene , 
tetramethylene, pentamethylene , hexamethylene , 
methylmethylene, 1-ethylethylene , 2-ethylpropylene, and 
the like, in which the preferred one may be (Ci- 
C4) alkylene; and the more preferred one may be methylene, 
ethylene and trimethylene . 

Suitable "lower alkenylene" may include straight or 
branched one having 2 to 6 carbon atom(s) such as 
vinylene, propenylene, butenylene, 1 or 2 or 
3-pentenylene, 1 or 2 or 3-hexenylene, methyl vinylene, 
ethyl vinylene, 1 or 2 or 3-methylpropenylene , 1 or 2 or 
3-ethylpropenylene, 1 or 2 or 3 or 4-methyl-l or 
2-butenylene, or the like. 

Suxtable "amino protective group" may include acyl 
group as explained below, a conventional protecting group 
such as ar( lower) alkyl which may have 1 to 3 suitable 
substituent(s) (e.g. benzyl, phenethyl , 

1- phenylethyl, benzhydryl, trityl, etc.), [ 5- ( lower ) alkyl- 

2- 0x0-1, 3-dioxol-4-yl](iower)alkyl [e.g. ( 5-methyl-2-oxo- 



suitable acyl g.oup" and "acyl" 
al.phatxc acyl, aromatic acyl, arylaliphatic acyl and 
heterocyclic-allphatlc acyl derived f.o. ca.boxjlic 1,, 

^ ^IJPha-ic acyl such as lower or higher alkanoyl 
(e.g., .ormyl, acetyl, propanoyl, butanoyl 
2-methylpropanoyl, pentanoyl, 2 , S-di.ethyl^ropanoyl 
hexanoyl, heptanoyl, octanoyl, nonanoyl , ^^.e, J ' 
undecanoyl, dodecanoyl, tridecanoyl, te.radecanoyl , 

^ 

lower or higher alKoxycarbonyl (e.g., .ethoxycarbonyl 
ethoxycarbonyl, t-butoxycarbonyl , t-pentyloxycarbonyf ' 

heptyloxycarbonyl , etc , ) ; "onyx , 

lower or higher alJcylsuIf onyl (e.g., .ethylsulf onvl 

ethylsulfonyi, etc.); ^'-•nyx, 

lower or higher al3c<;xysulf onyl (e.g., n,ethoxysulf onyl 
ethoxysulfonyl, etc.); or the like; ' 
Aromatic acyl such as 
^^oyl (e.g., benzoyl, toluoyl , naphthoyl , etc )- 
ar(lower,alkanoyl fe.g., phenyl (Cl-cejalkanoylle g 
Phenylacetyl, pheny^lpropanoyl, phenylbutanoyl ' 

naIhL''w.'"'"°'^'' P^-^^P-tanoyl, phenylhexlnoyl , etc ) 
naphthyl(Cl-C5)alkanoyl (e.g., naphthylacetyl , 
naphthylpropanoyl , naphthylbutanoyl , etc) etc i- 

ar(lower,alkenoyl fe.g., phenyl ( C3-C6 Jalksnoyl 
Phenylpropenoyl, phenylbutenoyl , phenyl.ethacryloyl! 
Phenylpentenoyl, phenylhexenoyl , etc.), naphthyK^: 
C5)al3cenoyl^(e.g., naphthylpropenoyl , naphthylbutenoyl , 

ar(lower)alkoxycarbonyl [e.g., phenyl(ci- 
C5,alkoxycarbonyl (e.g., benzyloxycarbonyl , etc.), etc.]; 
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aryloxycarbonyl (e.g., phenoxycarbonyl 
naphthyloxycarbonyl, etc ) • 

aryloxy(lowe.,aI.anoyl (e.'g., phenoxyacetyl , 

phenoxypropionyl, etc.); 

^-^ te.g.^ phenylcarbamoyi, etc ^. 
arylthiocarbamoyl (e.g., phenylthiocarba.ovi . 
arylglyoxyloyl (e.g., phenylglyoxylo^r ^ ' 
naphthylglyoxyloyl,. etc . ) • 

arylsulfonyl which xnay hive 1 to 4 lower al3.vl 
Phenylsulfonyl, p-tolylsulf onyi , etc.)- L the 1 V 
■ "—cyclic acyl such al 
heterocycliccarbonyl • 

ocyclicprop.„„yi, heterocycUcbut.noyl 

..::::::s::::::Tr\\r ' — — p:;p.„y,, 

utenoyi, heterocyclicpentenoyl 
heterocyclichexenoyl, etc.)- 

heterocyclicglyoxyloyl; or'the liJce • 
xn Which suitable ■■heterocyclic moiety in the . 
heterocvclicn^>r-K^ , terms 
ocyciiccarbonyl", "heterocyclic ( lower ) alkvl 

a:rtT:L^^r:^~ ;-erocycL^::So;y..,,. 

unsaturate. .onoc^cLro; "^""^ ^^^^^^ ' -Curate, or 

containing at lealt o^ k T'^'^^"'^^ heterocyclic group 

, y cit-.ieast one hetero-atoiti such ac; ^„ ^ 
sulfur, nitrogen ato. and the like. 

And, especially preferable heterocyclic aronn 
heterocyclic group such as ^ '"^^ 

unsaturated 3 to 8-n.embered (more preferablv 5 
-.embered) heteromonocyclic group contrinLn L / 

pyra^inyl, 'py^r::: T"''; ^.yl, 

pyriaazxnyi, triazolyl (e.g., 4h-i 9 d 

^uj.y±, ■'■^--L/ 2,3-.triazolvl 2H-1 9 i ^- • 
tetrazolyl (e a 1 ,t . . ^ ' 2 , 3-triazolyl , etc.), 

(e.g., iH-tetrazolyl, 2H-tetrazolyl , etc.). 



• 
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etc . ; 



saturated 3 to 8-membered (more preferably 5 or 
6-membered, heteromonocyclic group containing 1 to 4 
nitrogen aton,(s), for example, pyrrolidinyl 
imidazolidinyi, piperidyl, piperazinyl, etc ' • 

unsaturated condensed heterocyclic group co^^. • ■ 
.0 . nitrogen atom(.,, f.. .^,,3, .ndo^: ^i— ^ ' 
xndolxnyl, xndoli^inyi, benzimidazolyi , quinolyl 
d.hydroguinolyl, isoguinolyl, indazolyl, guinoxaiinyl , 
dihydrogumoxalinyl, benzotriazolyl , etc.- 

unsaturated 3 to S-membered (more preferably 5 or 

5- membered) heteromonocyclic group containing 1 to 2 
oxygen atom(s) and 1 to 3 nitrogen atom(s), for example, 
oxazolyl, xsoxazolyl, oxadiazolyl (e.g 

1,2 4-oxadiazolyl, 1 , 3 , 4-oxadiazolyl , 1 ,' 2 , 5-oxadiazolyl 
etc ) , etc . ; ^ ' 

saturated 3 to S-membered (more preferably 5 or 

6- membered, heteromonocyclic group containing 1 to 2 
oxygen atom(s) and I to 3 nitrogen atom-(s), for example, 
morpholinyl, sydnonyl, etc.; 

unsaturated condensed heterocyclic group containing 1 
to 2 oxygen atom(s) and 1 to 3 nitrogen atom(s), for 
example, benzoxazolyl , benzoxadiazolyl , etc - 

unsaturated 3 to 8-membered (more preferably 5 or 
6-membered, heteromonocyclic group containing 1 to 2 
sulfur atom(s) and 1 to 3 nitrogen atom(s), for example, 
thxazolyl, xsothiazolyl, thiadiazolyl (eg 12 3 
thiadiazolyl, 1 , 2 , 4-thiadiazolyl , 1 , 3 , .-thildilz^lyl , 
1,2,5-thiadiazolyl, etc.), dihydrothiazinyl , etc . ; 

saturated 3 to 8-membered (more preferably 5 'or 
6-membered) heteromonocyclic group containing 1 to 2 
sulfur atom(s) and 1 to 3 nitrogen atom(s), for example, 
thiazolidmyl, etc.; 

. unsaturated 3 to 8-membered (more preferably S or 5- 
membered) heteromonocyclic group containing 1 to 2 sulfur 
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atom(s), for example, thienyl, dihydrodithiinyl , 
dihydrodithionyl, etc.; 

unsaturated condensed heterocyclic group containing i 
to 2 sulfur aton,(s) and 1 to 3 nitrogen atom(s), for 
example, benzothiazolyl , benzothiadiazolyl , etc • 

unsaturated 3 to S-membered (more preferably 5 or 
6-membered) heteromonocyclic group containing an oxygen 
atom, for example, furyl, etc . ; 

unsaturated 3 to 8-membered (more preferably 5 or 
6-membered) heteromonocyclic group containing an oxygen 
gj atom and 1 to 2 sulfur atom(s), for example, 

m dihydrooxathiinyl, etc.; 

I unsaturated condensed heterocyclic group containing i 

ry to 2 sulfur atom(s), for example, benzothienyl , 

ufi.5 benzodithiinyl , etc.; 

p unsaturated condensed heterocyclic group containing 

ui an oxygen atom and 1 to 2 sulfur atom(s), for example, 

.S benzoxathiinyl, etc.; and the like. 

The acyl moiety as mentioned above may have one to 
ten, same or different, suitable substituent ( s ) such as 
lower alkyl (e.g., methyl, ethyl, propyl, etc . ) • 
lower alkoxy (e.g., methoxy, ethoxy, propoxy, etc . ) • 
lower alkylthio (e.g., methylthio, ethylthio, etc . ) ' 
lower alkylamino (e.g., methylamino, ethylamino, 
25 propylamine, etc.); ' 

cyclo( lower) alkyl [e.g. cycle ( C3-C6 ) alkyl (e.g.,- 
cyclopentyl, cyclohexyl, etc.]); 

cyclo( lower )alkenyl [e.g. cyclo(C3-C6 )alkenyl (e.g., 
cyclohexenyl, cyclohexadienyl , etc); 
30 halogen (e.g., fluorine, chlorine, bromine, iodine); ' 

amino; amino protective group as mentioned above; hydroxy; 
protected hydroxy as mentioned below; cyano; nitro; 
carboxy; protected carboxy as mentioned above; sulfo; 
sulfamoyl; imino; oxo; 

amino (lower) alkyl (e.g., aminomethyl , aminoethyl, etc.); 
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carbamoyloxy; hydroxy (lower ) alkyl (e.g., hydroxvmethyl , 1 
or 2-hydroxyethyl, 1 or 2 or 3-hydroxypropyl , etc.), or 
the like. 

Suitable "protected hydroxy" may include acyl as 
5 mentioned above, phenyl ( lower) alkyl which may have one or 

more suitable substituent(s) (e.g., benzyl, 
4-methoxybenzyl, trityl, etc.), trisubstituted silyl 
[e.g., tri(lower)alkylsilyl (e.g., trimethylsilyl , 
t-butyldimethylsilyl, etc.), etc.), tetrahydropyranyl and 
10 the like. 

The more preferred example of "amino protective 
group" may be lower alkoxycarbonyl or 

ar( lower )alkoxycarbonyl and the most preferred one may be 
t-butoxycarbonyl or benzyloxycarbonyl . 

Suitable "lower alkylene" in the term "lower alkylene 
which may have one or more suitable substituent( s ) " can be 
referred to the ones as exemplified above. 

Suitable example of "suitable substituent ( s ) " in the 
term "lower alkylene which may have one or more suitable 
substituent(s)" may include lower alkyl (e.g., methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, 
pentyl, neopentyl, t-pentyl, hexyl, etc.); 

lower alkoxy (e.g., methoxy, ethoxy, propoxy, isooropoxy, 
isobutoxy, t-butoxy, pentyloxy, neopentyloxy , t-pentyloxy, 
25 hexyloxy, etc . ) ; 

lower alkenyl [e.g. ( C2-C6 )alkenyl (e.g., vinyl,.l- 
propenyl, allyl, 1-methylallyl , 1 or 2 or 3-butenyl, 1 or 

2 or 3 or 4-pentenyl, 1 or 2 or 3 or 4 or 5-hexenyl, 
etc . ) ] ; 

lower alkynyl [e.g. ( C2-C5 ) alkynyl (e.g., ethynyl, 1- 
propynyl, propargyl , 1 -methyl propargyl , 1-ethylpropargyl , 
1 or 2 or 3-butynyl, 1 or 2 or 3 or 4-pentynyl, 1 or 2 or 

3 or 4 or 5 hexynyl , etc. ) ; 
mono(or di or tri) halo (lower) alkyl (e.g., f luoromethyl , 

difluoromethyl, trif luoromethyl , chloromethyl , 
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dlchloromethyl, trichloromethyl , bromomethyl 
dxbromomethyl, tribromomethyl , 1 or 

2-fluo.oethyl, 1 2-bro.oethyl , 1 or 2-chloroethyl 

^^^y-i-/ ^/ 2-dirluoroethyi, etc )• 
halogen (e.g., chlorine, brc.ine, fluorine,' iodine)- 
carboxy; protected c.rboxy as mentioned ab^ve ^v! 
protected hydroxy .s mentioned above; ^ 
aryl (e.g., phenyl, naphthyl, etc. ) • 
heterocyclic group as mentioned above fe a un... 
condensed heterocvcl i ^ ""^^^urated 

heterocyclic group containing 1 to 4 n,' i-r-o„ 
ato.(s) (e.g. indolyl, isoindolyl, indllynyl indT 
benzimidazolyl auinolvl h-u / ^"^°lynyl, indolxzxayl, 
indazolvl g^^nolyl, dihydroquinolyl , isoguinolyl, 

xndazolyl, quxnoxalinyl , dihydroquinoxalinyl 
benzotriazolyl, etc.)]; ' 

ar( lower )alkyl such as phenyl (lower ) alkyi (e a h« , 
Phenethyl, phenylpropyl , etc.); ^ 

ar( lower ) alkyl having one or more suitable subst,' ^ 
such as ar( lower )alkvl • ^^at^ie substituent ( s ) 

, er)alkyl having one or more (preferablv i 

dtr;r\rL- — ---^ -r- 

nlLTrlLTr^^"^^'- --oxy(lower)alkyl; 

protected amino, i . e,. amino protected by aforesaid -a™' 
protective group", preferably, acyla^ino! in ^hlcTacr" 
-xety can be aforementioned -acyl.., suc^ as :L:hat:r 

fo^:r° alkanoyla^ino (e.g 

for.yla.ino, acetyla.ino, propanoylan.ino, butanoylal^o 
2-methylpropanoyla.ino, pentanoylamino , 2 2- 

o:L"ovLT'"°^'^"'''^°' he;tanoyXan.ino, 
octanoylammo, nonanoylamino , decanoylamino , 

undecanoyla.ino, dodecanoylamino , tridecanoyla.ino, 
heptaLcir'^^"'''"' ^--'^--^^l-^no, hexadecanoylamino, 
TZTelTZ ^^^^'^--^yl-i-' nonadecanoylan,ino, 

Ce r ever:"' ^^=^°(^-«)-^^ylcarbonyla.ino 
[e.g. cyclo(C3-C5)alkylcarbonyla.ino (e.g. 
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cyciopropylcarbonylamino , cyclobutylcarbonylamino , 
cyciopentylcarbonylamino, cyclohexylcarbonyiamino , etc.)] 
lower or higher alkoxycarbonylamino (e.g., 
methoxycarbonylamino , ethoxycarbonylamino , 
t-butoxycarbonylamino , pentyloxycarbonylamino , 
heptyloxycarbonylamino, etc.). lower 

alkoxy( lower )alkanoylamino (e.g. methoxyacetylamino , 2- o 
3-methoxypropionylamino, ethoxyac etyl amino , 2- or 3- 
ethoxypropionylamino, etc.), lower alkynylcarbonylamino 
[e.g. C C2-C 6 ) alkynylcarbonylamino (e.g. 
propargylcarbonylamino , 

1-methylpropargylcarbonylamino, 1- or 2- or^3- 
butynylcarbonylamino , etc . ) , 
lower or higher alkylsulf onylamino (e.g., 
methylsulf onylamino , ethylsulf onylamino , 
propylsuif onylamino , n-butylsulf onylamino , 
sec-butylsulf onylamino , t-butylsulf onylamino , 
n-pentylsulf onylamino, neo-pentylsulf onylamino , 
hexylsulf onylamino, etc. ) , 

lower or higher alkoxysulf onylamino (e.g., methoxy- 
sulf onylamino, ethoxysulf onylamino , etc.), 

aroylamino which may have one or more (preferably 1 to 3 ) 

suitable substituent(s) (e.g. benzoylamino , toluoylamino , 

naphthoylamino, 2- or 3- or 4-hydroxyben2oylamino , 2- or 

3- or 4-methoxyben26ylamino, 2- or 3- or 4- 

chlorobenzoylamino, phenylbenzoylamino , etc.), 

ar( lower )alkanoylamino [e.g., phenyl ( C1-C6 ) alkanoylamino 

(e.g., phenylacetylamino, phenylpropanoylamino , 

phenylbutanoylamino , phenylisobutanoylamino , 

phenylpentanoylamino, phenylhexanoylamino , etc.), 

naphthyl ( lower ) alkanoylamino (e.g., naphthylacetylamino , 

naphthylpropanoylamino, naphthylbutanoylamino , etc.), 
etc. ] , 

ar( lower )alkenoylamino [e.g., phenyl ( C3-C6 ) alkenoylamino 
(e.g., phenylpropenoylamino, phenylbutenoylamino , 



- 24 - 



phenyl.ethacryloylan,inc , phenylpentenoyla.ino , 
Phenylhexenoylaxaiao, etc.,, naphthyi ( C3-C6 ) alkeno^, • 



etc. ) , etc. ] , 

ar(.lower)alWycarbonylan,ino [e.g., phenyl ( CX-C5 ) al3c 
carbonyla.ino (e.g. benzyloxycarbonyLjo 
phenethyloxycarbonylamino, etc.), etc ] ' 
aryloxycarbony latino (e.g., phencxycarb^nylan^ino 
naphthyloxycarbonylamino, etc.), ' 

aryloxy(lower)al..anoylan,ino (e.g., phenoxyacety Wno 
phenoxypropionylamino, etc.), y^amxno. 



arylcarban.oyla.ino (e.g., phenylcarban-oyla^ino etc. 
aryltMocarba.oyla.lno (e.g., p.enyltMrcarba.;y:a:;:; , . 

naThtTlT°''''"''"° P^-^l^^>'-yloylan,lno, 
naphthylglyoxyloylamino, etc.), 

arylsulfonylan,ino (e.g. phenylsulf onyla.ino , p- 
tolylsulfonylamino, etc.), or the like; 

cii(lower)alkyla.ino (e.g., di.ethylan,ino , diethyla.ino 

:~~ 

hydroxy(iower)al3cyl; protected hydroxy ( i;„er ) alkyl • acyl 
as mentioned above; cyano; .ercapto; oxo- 

eth:::n'''T'°^'°^^'^^''^' --^y^thlcethyl, 
iZlllZZTl' ^-P-pylthioJt^yl, 
a^^tH ? ' "'^^^^^^^i-thyl, ethylthioethyl, etc • 
arylth.o(lower)al3cyl (e.g. phenylthio.ethyl , 

phenylthxoethyl , etc . ) ; 

phZir'^r'^'°"^^^"'^^' P^-yl-lfonyln.ethyl, 
Phenylsulfonylethyl, p-tolylsulf onyl.ethyl , p- 
tolylsulfonylethyl, etc.); 

lower alkylsulfonyl( lower )alkyl (e.g 
methylsulfonyln.ethyl, ethylsulf onyl.ethyl, 
propylsulfonylinethyl, etc.); 
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acylamino{ lower )alkyi, in which acyl moiety can be 
aforementioned "acyl" [e.g., arylsulfonylamino (lower ) alkyl 
(e.g., Phenylsulfonylaminomethyl, 

phenylsulfonylaminoethyl, p-tolylsulf onylaminomethyl 
p-tolylsulfonylethyl, etc.), 

lower alkylsulfonylamino( lower Jal.kyl (e.g 
methylsulf onylaminomethyl, ethylsulf onylaminomethyl 
propylsulf onylaminomethyl , 

butylsulf onylaminomethyl , t-butylsulf onylaminomethyl 
pentylsulfonylaminoethyl, etc.), etc . ] ; 

lower alkylcarbonyl( lower )alkyl (e.g.' 
methylcarbonylmethyl , ethylcarbonylmethyl , 
propylcarbonylmethyl , etc . ) ; 

aroyl( lower )alkyl (e.g. benzoylmethyl , naphthoylmethyl 
toluoylmethyl, anisoylmethyl , etc . ) ; 

heterocyclic ( lower )alkyl such as ( lower )alkyl having 
heterocyclic group as exemplified above [e.g. (Cl-CS)alkyl 
having unsaturated condensed heterocyclic group containing 
1 to 4 nitrogen atora(s) (e.g. indolylethyl , 
isoindolylethyl, indolyinylmethyl , indolizinylethyl , 
benzimidazolylmethyl, guinolylethyl, 

dihydroguinolylmethyl, isoquinolylethyl , indazolylethyl 
quinoxalinylethyl, dihydroquinoxalinylmethyl , 
benzotriazolylethyl, etc. ) ] ; 

lower alky 1 sulfambyl( lower )alkyl (e.g. 
methylsulf amoylmethyi, ethylsulf amoylmethyi , 
n-propylsulf amoylmethyi, isopropylsulf amoylmethyi , 
n-butylsulf amoylmethyi, t-butylsulf amoylmethyi , 
methylsulf amoylethyl, etc . ) ; 

arylsulfamoyl( lower )alkyl (e.g. phenylsulf amoylmethyi , 
tolylsulf amoylmethyi , phenylsulf amoylethyl , 
naphthylsulf amoylmethyi, etc . ) ; 

lower alkylcarbamoyl( lower )alkyl (e.g. 
methylcarbamoylmethyl, ethylcarbamoylmethyl , 
n-propylcarbamoylmethyl , isopropylcarbamoylmethyl , 
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a-butylcarbamoylmethyi , t-butylcarbamoyimethyl , 
methylcarbamoylethyl , etc . ) ; 

arylcarbamoyK lower )alkyl (e.g. phenylcarbamoylmethyl 
tolyicarbamoyimethyl, phenyicarbamoyiethyl, 
naphthylcarbamoylmethyl , etc . ) ; 

ar( lower )alkylcarbamoyl which may have one or more 
suitable substituent(s) [e.g. phenyl (C1-C6 ) alkylcarbamoyl 
which may have 1 to 3 lower alkoxy (e.g. 2- 
methoxyphenethylcarbamoyl, 3-methoxyphenethylcarbamoyl 4 
methoxyphenethylcarbamoyl, etc.) and the like, 

in which the more preferred one may be ( C1-C6 )alkyl - (C2- 
C6)alkenyl; ( C2-C6 ) alkynyl ; phenyl; phenyl ( C1-C6 ) alkyl • 
phenyl(Cl-C6)alkyl having 1 to 4 (C1-C5 ) alkoxy, halo(ci- 
C6)alkyl or ( C1-C5 ) alkylene dioxy; (Cl-C6)alkyl having 
unsaturated condensed heterocyclic group containing 1 to 4 
nitrogen atom(s); cyano; amino; ( C1-C6 ) alkanoylamino ■ 
aroylamino which may have 1 to 3 hydroxy, ( C1-C6 ) alkoxy 
halogen or phenyl; cyclo ( C3-C6 ) alkylcarbonylamino ; (Cl- 
C5 ) alkoxy ( C1-C5 ) alkylcarbonylamino ; ( C2- 
C6)alkynylcarbonylamino; (CI -C6 ) alkylsulf onylamino ; 
phenylsulfonylamino; phenyl { C1-C6 )alkylcarbamoyl ; 

and the more preferred one may be methyl, ethyl, vinyl 
ethynyl, cyano, phenyl, phenethyl , 

2 - methoxyphenethy 1 , 3 -methoxyphenethyl , 

4 -methoxyphenethyl ,'3,4 -dimethoxyphenethy 1 , 

3- trif luoromethylphenethyl , 3 , 4-methylenedioxyphenethyl , 

2- indolylethyl, 4 -methoxyphenethylcarbamoyl , 
phenylsulfonylamino, n-butylsulf onylaminomethyl , 
benzoylamino, amino,, acetylamino, p-hydroxybenzoylamino , 
p-methoxybenzoylamino , p-chlorobenzoylamino , 
n-butanoylamino , cyclopropylcarbonylamino , 

3- methoxypropionylamino, biphenylcarbonylamino and 
propargylcarbonylamino . 



Suitable 



"N-containing heterocyclic group" may 
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include saturated or unsaturated monocyclic or polycycUc 
heterocyclic group containing at least nitrogen ato™ a^ld 
which may also contain the other hetero-atom such as an 
oxygen, sulfur atom or the like. 

And, especially preferable N-containing heterocyclic 
group may be heterocyclic group such as 

unsaturated 3 to 8-membered (more preferably 5 or 
6-membered) heteromonocyclic group containing 1 to d 
nitrogen atom(s), for example, pyrrolyl, pyrrolinyl 
xmxdazolyl, pyrazolyl, pyridyl, dihydropyridyl , pyrimidyl , 
pyrazmyl, pyridazinyl, triazolyl (e.g., ^h-I 2 4- 
triazolyl, lH-1 , 2 , 3-triazolyl , 2H-1 , 2 , 3-tria20lyl , etc ) 
tetrazolyl (e.g., IH-tetrazolyl , 2H-tetrazolyl etc ) ' ' 



etc . ; 



saturated 3 to 8-membered (more preferably 5 or 6- 
membered heteromonocyclic group containing 1 to 4 nitrogen 
atom(s), for example, pyrrolidinyl , imidazolidinyl 
piperidyl, piperazinyl, etc.; 

unsaturated condensed heterocyclic group containing i 
to 4 nitrogen atom(s), for example, indolyl, isoindolyl 
indolinyl, indolizinyl, benzimidazolyl , quinolyl 
tetrahydroquinolyl (e.g. 1 , 2 , 3 , 4-tetrahydroquinoiyl , 
etc.), dihydroquinolyl, isoquinolyl, indazolyl 
quinoxalinyl, dihydroquinoxalinyl , benzotriazolyl , etc • 

unsaturated 3 to 8-membered (more preferably '5 or ' 
6-membered) heteromonocyclic group containing i to 2 
oxygen atom(s) and 1 to 3 nitrogen atom(s), for example, 
oxazolyl, isoxazolyl, oxadiazolyi (e.g., 

1,2,4-oxadiazolyl, 1 , 3 , 4-oxadiazolyl , 1 , 2 , 5-oxadiazolyl , 
etc.), etc.; 

saturated 3 to 8-membered (more preferably 5 or 
6-membered) heteromonocyclic group containing 1 to 2 
oxygen atom(s) and 1 to 3 nitrogen atom(s), for example, 
morpholinyl, sydnonyl, etc.; 

unsaturated condensed heterocyclic group containing 1 
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to 2 oxygen atornfs) and 1 to 3 nitrogen atom(s), for 
example, benzoxazolyi , benzoxadiazolyl , etc ■ 

unsaturated 3 to 8-men±,ered (more preferably 5 or 
6-membered) heteromonocyclic group containing i to 2 
sulfur aton.(s) and 1 to 3 nitrogen ato.(3), for example 
thxazolyl, isothiazolyl, thiadiazolyl (e.g 123 ' 
thiadiazolyl, 1 , 2 , 4-thiadiazolyl , 1 , 3 , 4-thiIdiIzolyl 
1,2,5-thiadiazolyl, etc.), dihydrothiazinyl , etc.- ' 

saturated 3 to 8-membered (more preferably 5 'or 
6-membered heteromonocyclic group containing I to 2 sulfur 

ato.m(s) and 1 to 3 nitrogen atom(s), for example, 

thiomorpholinyl, thiazolidinyl , etc.; 

to . condensed heterocyclic group containing 1 

to 2 sulfur atom(s) and 1 to 3 nitrogen atom(s), for 

example, benzothiazolyl , benzothiadiazolyl , etc. and the 

-Lxxe, 

in which the preferred one may be saturated 5 or 6- 
membered heteromonocyclic group containg , to 4 nitrogen 
atom(s), unsaturated condensed heterocyclic grouo 
containing 1 to 4 nitrogen atom{s), or saturated' 5 or 6- 
membered heteromonocyclic group containing 1 to 2 oxygen 
atom(s) and 1 to 3 nitrogen atom(s); 

and the more preferred one may be piperidyl 
pyrrolidinyl, morpholinyl and 1 , 2 , 3 , 4-tetrahydroguinolyl . 

suitable "N-containing cyclo (lower )alkyl" in .the term 
sulTT '=y'=lo(lower)al3cyl which may have one or more 

suitable substituent(s)" may include 3 to 8-membered 
cycloalkyl containing 1 to 3 nitrogen atom(s), for 
example, azetidinyl, pyrrolidinyl, piperidyl, piperazinyl. 

Suitable "suitable substituent ( s ) in the term 
N containing cyclo ( lower )alkyl which may have one or more 
suitable substituent(s)» may include 0x0, amino protective 
group as mentioned above. 
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Sax table "suitable substituent ( s ) ■• in the term "lower 
alkylene, lower alkanyl-ylidene or lower alkenylene each 
of whxch may have one or more suitable substituent ( s ) " mav 
include lower alkyl or oxo. ' ^ 

Suitable "suitable substituent ( s ) " in the term 
"N-containing heterocyclic group which may have one or 
more suitable substituent(s) " may include lower alkyl 
phenyl, halogen or oxo. ' 

Suitable "lower alkynylene" may include the ones 
having 2 to 6 carbon atoms such as ethynylene 2 
propynylene, 2- or 3-butynylene , 2- or 3- or 4-pentynylene 
or 2- or 3- or 4- or 5-hexynylene . 

In the compound (1) as explained above, the preferred 
one is the following compound (I-A) : 




(I-A) 

wherein r1 is 3 to 8 membered cycloalkyl 

containing 1 to 3 nitrogen atom(s) which may 
" 2 h^^e one or more suitable substituent( s ) , 
R is carboxy or esterified carboxy, 
A is lower alkylene, lower alkanyl-ylidene or 

lower alkenylene, each of which may have one 
or more suitable substituent ( s ) , 
is lower alkylene, 
A is lower alkylene which may have one or more 
suitable substituent( s ) , 

N 

is a group of the formula : 
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wherein 




^ is saturated 3 to 8 membered 
nGteromonocyclic group containing l to 4 
nitrogen atom(s) which may have one or more 
suitable substituent(s), unsaturated 
condensed heterocyclic group containing l to 
4 nitrogen atom(s) which may have one or 
niore suitable substituent ( s ) or saturated 3 
to 8 -membered heteromonocyclic group 
containing i to 2 oxygen atom(s) and 1 to 3 
nitrogen atom{s) which may have one or more 
suitable substituent ( s ) , 
^ is o, s, or NH, 
Y is NH, 

O R-^ ' R^o and o 

(wherein r3 ig hydrogen or lower alkyl), 

^ is an integer of 0 or 1 , 
m is an integer of 0 or 1, 
n is an integer of 0 or 1, 

25 T.^T ^^^'^"r aforementioned compound 

wherein Ri is piperidyl which may have 1 or 2 oxo or [5- 

( lower )alkyl-2-oxo-l , 3-dioxol-4-yl] - 
I (lower)alkyl, 

V_X Piperidyl, morpholinyl, 

^ ^ tetrahydroquinolyl or pyrrolydinyl , 

A is lower alkylene which may have 1 to 3 

suitable substituent (s) selected from the 
group consisting of (C1-C6 ) alkyl ; , (C2- 
C6)alkenyl; ( C2-C6 ) alkynyl ; phenyl; 



phenyl ( C1-C5 ) alkyl ; phenyl ( CI -C6 ) alkyl 
having i to 4 ( C1-C6 )alkoxy, halo(Cl- 
C6)alkyl or (C1-C5 )alkylene dioxy; (ci- 
C6)alkyl having unsaturated condensed 
heterocyclic group containing 1 to 4 
nitrogen atoin(s); cyano; amino; (Cl- 
C6)alkanoylamino; aroylamino which may have 
1 to 3 hydroxy, (C1-C6 )alkoxy, halogen or 
phenyl ; cyclo ( C3-C6 ) alkylcarbonylamino ; 
( C1-C6 ) alkoxy ( CI -C6 ) alkylcarbonylamino ; 
( C2-C6 ) alkynylcarbonylamino ; ( Cl- 
C5)alkylsulfonylamino; phenylsulf onylaraino ; 
and phenyl (Cl-C6)alkylcarbamoyl- 

X, Y or Z are each as defined 

r 

^ is an integer of 0, 
rn is an integer of 0, 
n is an integer of 0, 

and the much more preferred one is the aforementioned 

compound (I-A), 

wherein r1 is piperidyl, 

Al is lower alkylene or lower aikanyl-ylidene , 
A xs lower alkylene which may have lower alkyl, 

( lower alkynyl or lower alkanoylamino , 

N f 

is piperidyl. 



above , 




Z is 



0 , 
2 2 2 

'.^ ' A , Y, J, mand n are each as defined in 
the more preferred one, 
and the another much more preferred one is the 
aformentioned compound (I-A), 
wherein r1 is piperidyl , 

is lower alkylene or lower alkanyl-ylidene , 
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A3 , 

lover alkylene which may have lower alkvl 
, lower alkynyl or lower alkanoylamino , 




is morpholinyl, 

Z is I-C-N-J- 

II I ^ 
0 r3 ^ 



^' n are each as defined in 

^ne more preferred one. 

Prefeired'rn!"'"^ —her 
preferred one xs the following compound (I-b) : 

Compound (I-B) : 



H O 

% , i N 

20 ^ •^-<-YVt_y^A2^Z_A3_R2 



Wherein rI 13 N-containing cycloalkyl which may 

have one or more suitable substituent ( s ) , 
25 \ or esterif ied carboxy, 

A xs lower alkylene, lower alkanyl-yiidene or 

lower alkenylene, each of which may have one 
^ or more suitable substituent(s ) , 
A IS lower alkylene, 

a3 1^^^^ alkylene which may have one or more 
suitable substituent( s ) , 

M 

is a group of the formula: 






N 

. wherein ^3 N-containing heterocyclic 

group which may have one or more suitable 
substituent(s) , 
X is O, 

^ is NH, 

Z is -^-N-)- N^4- 1 

IM, II ^ 

O ' R^O and 

(wherein r3 hydrogen or lower alkyl ) , 
^ is an integer of 1, 
in is an integer of 0 or 1 , 
n is an integer of 0 or 1 
and^the .ore preferred one is the If ore.entioned compound 

Wherein r1 ^3 piperidyl, pipera.inyl or azetidinyX, each 
of which may have 1 or 2 0x0 or [5- 
( lower)alkyl-2-oxo-l , 3-dioxol-4-yl ] _ 
( lower )alkyl. 



N 




a3 is lower alkylene which may hive l\o \ 

suitable substituent(s) selected from the 
group consisting of (Cl-CS )alkyl ; (C2- 
C6)alkenyl; ( C2-C6 ) alkynyl ; phenyl; . 
phenyl { CI -C6 ) alkyl ; phenyl (Cl-CS) alkyl 
having 1 to 4 (C1-C6 ) alkoxy, halo(Cl- 
C6)alkyl or (Cl-CS )alkylene dioxy> (Cl- 
C6) alkyl having unsaturated condensed 
heterocyclic group containing 1 to 4 
nitrogen atom(s); cyano; amino; (Cl- 
C6)alkanoylaraino; aroylamino which may 
have 1 to 3 hydroxy, (Cl-CS) alkoxy, halogen 
or phenyl; cyclo (C3-C6 )alkanoylainino ; (Cl- 



is piperidyl, morpholinyl, 

tetrahydroguinolyl or pyrrolydinyl , 

-.11 1 • 
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C6)alkoxy(Cl-C6)alkyicarbonylainino; (C2- 
C6 )alkynyicarbonylainxno; (Cl- 
C6 ) alkysulf onyiamino ; phenyisuif onylamino ; 
^ and phenyl(Cl-C6)alkylcarbamoyi; 
R^, a1, a2, X, Z or e are each'as 
defined above, 
is an integer of 0, 
n is an integer of 0^ 

and the much more preferred nn^ i c: +-^^ ^ 
, „ P^ererrea one is the aforementioned 

iu compound (I-b), 

wherein r1 is piperidyl, 

is lower alkylene, 

is lower alkylene which may have lower alkyl, 
lower alkynyl or lower alkanoylamino , 



f=r=a 



25 



30 



N 



-^15 

hJ piperidyl, 

Si Z is -4-c-N— )- 

i i I ^ 

□ O , 

' X, Y, ^, m and n are each as defined 
in the more preferred one . 
and the much more preferred one is the aforementioned 
compound ( I-B) , 
wherein r1 is piperidyl, 

A^ is lower' alkylene, 

A^ is lower alkylene which may have lower alkyl, 
f lower alkynyl or lower alkanoylamino , 

xs morpholinyl, 
Z is — /— c-N-)— 

Mr 

O , 

2 2 o 

^ ' R / A , X, ? , m and n are each as defined 
in the more preferred one. 
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In the compound ( i ) as explained above ano^ho 
preferred one is i-v,^ ^ i . cicove, another 

^ one xs the following coinpound fi-ci • 

Compound (i-C) ; v ^ j . 




(I-C) 



Wherein r1 Xs pipe...yX .hich .ay have X or 2 oxo or rs 

(lower)alkyl-2-oxo-l,3-dioxcl-4-yl]- 
( lower )alkyl, 

is carboxy or esterified carboxy 

lower al.anyl-ylidene or lows; al3cenylene, 
A is lower alkylene, 

A3 is lower alkylene which xnay have lower alkyl 
lower alkynyl or lower alkanoylamino , . ' 



is a group of the formula : 



N 



\ 

N 

wherein ( J 




^ , , Piperidyl, morpholinyl 

tetrahydroguiholyl or pyrrolydinyl 
Y is NH. ^ ' 



is NH, 
is — ^-N- 

6 r3 



(wherin r3 ig hydrogen), 
? is 0, 

is an integer of 0 or 1, 
^ is an integer of 0 or 1 , 
and^the other preferred one is the aforementioned compound 



wherein A3 „ 

is lower alkyiene having lower aikynyl or lower 
^ ^l^anoylamino, 
N 




IS piperidyi or morpholinyl , 

r2 f^3 al a2 V- V 7 

'^,A,A,x,Y, and ? are 

each as defined above, 
m is an integer of 0, 
n is an integer of 0. 



The processes for 



preparxng the object compound (i) 
of the present invention are explained in detail in the 
following. 



Process 1 



The object compound (la) or a salt thereof can be 
prepared by reacting a compound (II) or its reactive 
derivative at the' carboxy group or a salt thereof with a 
compound (ixi) or its reactive derivative at the amino 
group or a salt thereof. 

Suitable reactive derivative at the carboxy group of 
the compound (H) ^.^y include an acid halide, an acid 
anhydride, an activated amide, an activated ester, and the 
ixke.. Suitable examples of the reactive derivatives may ■ 
be an acid chloride; an acid azide; a- mixed acid anhydride 
wxth an acid such as substituted phosphoric acid [e g 
dialkylphosphoric acid, phenylphosphoric acid 
diphenylphosphoric acid, diben^ylphosphoric acid, 
halogenated phosphoric acid, etc.], dialkylphosphorons 
acxd, sulfurous acid, thiosulfuric acid, sulfuric acid, 
sulfonxc acid [e.g. methanesulf onic acid, etc.], aliphatic 
carboxylic acid [e.g. acetic acid, propionic acid, butyric 
acxd, isobutyric acid, pivalic acid, pentanoic acid, 
xsopentanoic acid, 2-ethylbutyric acid, trichloroacetic 
acid, etc.] or aromatic carboxylic acid [e.g. benzoic 



-av- 



is 



acid, etc.]; a Sinmnetrical acid anhydride; an activated 
amide with imidazole, 4-substituted imidazole 
dxmethylpyrazole, triazole, tetrazole or 1-hydroxy-iH 
benzotriazole; or an activated ester [e.g. cyanomethyl 
ester, methoxymethyl ester, dimethyliminomethyl 
[(CH3)2N=C-] ester, vinyl ester, propargyl ester 
p-nitrophenyl ester, 

2,4-dinitrophenyl ester, trichlorophenyl ester 
pentachlorophenyl ester, mesylphenyl ester 
Phenylazophenyl ester, phenyl thioester, p-nitrophenyl 
thioester, p-cresyl thioester, carboxymethyl thioester 
pyranyl ester, py.idyl ester, piperidyl ester, S-quinoiyl 
thxoester, etc.], or an ester with a N-hydroxy compound 
[e.g. N,N-dimethylhydroxylamine, l-hydroxy-2- ( IH) - 
pyrxdone, N-hydroxysuccinimide, N-hydroxyphthalimide 
1-hydroxy-iH-benzotriazole, etc.], and the like. These 
reactive derivative can optionally be selected from them 
according to the kind of the compound (II) to be used 

Suitable salts of the compound (ii) and its reactive 
derivative can be referred to the ones as exemplified for 
the compound ( I ) . 

suitable reactive derivative at the amino group of 
the compound (III) „,ay include Schiff-s base type imino or 

25 enamine type isomer formed by the reaction 

of the compound (iH) „ith a carbonyl compound such as 
aldehyde, ketone or the like; a silyl derivative formed by 
the reaction of the compound (III) with a silyl compound 
such as bis(trimethylsilyl)acetamide, 

30 "'°'^°;"f"'^^^yl=iiyl)acetamide, bis (trimethylsilyl) urea or 

the like; a derivative formed by reaction of the compound 
(III) with phosphorus trichloride or phosgene, and the 
like. 

Suitable salts of the compound (lii) and its reactive 
derivative can be referred to the ones as exemplified for 
-3 3 the compound (I). 
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The reaction is usually carried out in a conventional 
solvent such as water, alcohol [e.g. methanol, ethanoi, 
etc.], acetone, dioxane , acetonitrile , chloroform, 
methylene chloride, ethylene chloride, tetrahydrof uran , 
ethyl acetate, N, N-dimethylf ormamide , pyridine or any 
other organic solvent which does not adversely influence 
the reaction. These conventional solvent may also be used 
in a mixture with water. 

In this reaction, when the compound (II) in used in a 
free acid form or its salt form, the reaction is 
preferable carried out in the presence of a conventional 
condensing agent such as N, N' -dicyclohexylcarbodiimide ; 
N-cyclohexyl-N' -morpholinoethylcarbodiimide; 
N-cyc lohexyl-N ' - ( 4 -diethylaminocyclohexyl ) carbodiimide ; 
N , N ' -diethylcarbodiimide , N , N ' -diisopropylcarbodiimide ; 
N-ethy 1 -N ' - ( 3 -dimethylaminopropyi ) carbodiimide ; 
N,N' -carbonylbis-( 2-methylimidazole) ; 
pentamethyleneketene-N-cyclohexylimine; 
diphenylketene-N-cyclohexylimine ; ethoxyacetylene ; 

1- alkoxy-l-chloroethylene; trialkylphosphite ; ethyl 
polyphosphate; isopropyl polyphosphate; phosphorous 
oxychloride (phosphoryl chloride); phosphorus trichloride; 
thionyl chloride; oxalyl chloride; lower alkyl haioformate 
[e.g. ethyl chlorof ormate , isopropyl chlorof ormate , etc.]; 

triphenylphosphine;- 2-ethyl-7-hydroxyben2isoxa2olium salt; 

2- ethyl-5-{m-sulfophenyl )isoxazolimn hydroxide 
intramolecular salt; 1- ( p-chiorobenzenesulf onyloxy ) -6- 
chloro-lH-benzotriazole; so-called Vilsmeier reagent 
prepared by the reaction of N , N-dimethyif ormamide with 
thionyl chloride, phosgene, trichloromethyl chlorof ormate , 
phosphorus oxychloride, methanesulf onyl chloride, etc.; 

or the like. 

The reaction may also be carried out in the presence 
of an inorganic or organic base such as an alkali metal 
carbonate, alkali metal bicarbonate, tri ( lower ) alkylamine , 
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pyridine , N- ( lower ) alky imorpho line , 
N,N-di(lower)alkylben2ylainine, or the like. 

The reaction temperature is not critical, and the 
reaction is usually carried out under cooling to wanning. 

Process 2 

The object compound (lb) or a salt thereof can be 
prepared by reacting a compound (IV) or its reactive 
derivative at the carboxy group or a salt thereof with a 
compound (V) or its reactive derivative at the amino group 
or a salt thereof. 

This reaction can be carried out in a similar manner 
to that of Process 1 mentioned in the above, and therefore 
the reaction mode and reaction conditions [e.g. reactive 
derivative, solvent, reaction temperature, etc.] of this 
reaction are to be referred to those as explained in 
Process 1 , 

Process 3 

The object compound (ic) or a salt thereof can be 
prepared by reacting a compound (VII) or its reactive 
derivative at the carboxy group or a salt thereof with a 
compound (VI) or its reactive derivative at the amino 
group or a salt thereof. 

This- reaction fcan be carried out in a similar manner 
to that of Process 1. mentioned in the above, and therefore 
the reaction mode and reaction conditions [e.g. reactive 
derivative, solvent, reaction temperature, etc.] of this 
reaction are to be referred to those as explained in 
3 0 Process 1 - 

Process 4 

The object compound (le) or a salt thereof can be 
prepared by subjecting a compound (Id) or a salt thereof 
35 to elimination reaction- of amino protective group. 



20 



25 



- 40 - 



P 10 



in 



20 



25 



30 



This reaction is carried out in accordance with a 
conventional method such as hydrolysis, reduction or the 
like. 



35 



The hydrolysis is preferably carried out in the 
presence of a base or an acid including Lewis acid 

Suitable base may include an inorganic base and an 
organic base such as an alkali metal [e.g. sodium, 
potassium, etc.,, an alkaline earth metal [e.g. magnesium 
calc.um, etc.,, the hydroxide or carbonate or bicarbonate 
thereof, trialkylamine [e.g. trimethylamine, 
-triethylamine, etc.], picoline, 
1, 5-dia2abicyclo[ 4 . 3 . 0 )non-5-ene, 
l,4-diazabicyclo[2.2.2]octane, 

l,8-dia2abicyclo[5.4.0]undec-7-ene, or the like. 

Suitable acid may include an organic acid [e g 
formic acid, acetic acid, propionic acid, trichloroacetic 
acxd, trifluoroacetic acid, etc.] and an inorganic acid 
[e.g. hydrochloric acid, hydrobromic acid, sulfuric acid 
hydrogen chloride, hydrogen bromide, etc.]. 

The elimination using Lewis acid such as 
trihaloacetic acid [e.g. trichloroacetic acid, 
trxfluoroacetic acid, etc.] or the like is preferably 
carrxed out in the presence of cation trapping agents 
[e.g. anisole, phenol, etc.]. 

The reaction is usually carried out in a solvent such 
as water, an alcohol [e.g. methanol, ethanol, etc ] 
methylene chloride, tetrahydrof uran, a mixture thereof or 
any other solvent which does not adversely influence the 
reaction. a liquid base or acid can be also used as the 
solvent. The reaction temperature is not critical and the 
reaction is usually carried out under cooling to warding. 

The reduction method applicable for the elimination 
reaction may include chemical reduction and catalytic 
reduction . 

Suitable reducing agents to be used in chemical 
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reduction are a combination of metal [e.g. tin, zinc, 
iron, etc.] or metallic compound [e.g. chromium chloride 
chromium acetate, etc.] and an organic or inorganic acid' 
[e.g. formic acid, acetic acid, propionic acid, 
trifluoroacetic acid, p-toluenesulf onic acid, hydrochloric 
acid, hydrobromic acid, etc.]. 

Suitable catalysts to be used in catalytic reduction 
are conventional ones such as platinum catalysts [e.g. 
platinum plate, spongy platinum, platinum black, colloidal 
platinum, platinum oxide, platinum wire, etc.], palladium 
catalysts [e.g. spongy palladium, palladium black, 
palladium oxide, palladium on carbon, colloidal palladium, 
palladium on barium, sulfate, palladium on barium 
carbonate, etc.], nickel catalysts [e.g. reduced nickel 
nxckel oxide, Raney nickel, etc.], cobalt catalysts [e g 
reduced cobalt, Raney cobalt, etc.], iron catalysts [e g 
reduced iron, Raney iron, etc.], copper catalysts [e.g. 
reduced copper, Raney copper. Oilman copper, etc.] and the 
like . 

The reduction is usually carried out in a 
conventional solvent which does not adversely influence 
the reaction such as water, methanol, ethanol, propanol, 
N,N-dimethylformamide, or a mixture thereof. 
Additionally, in case that the above-mentioned acids to be 
used in chemical reduction are in liquid, they can also be 
used as a solvent. Further, a suitable solvent to be used 
in catalytic reduction may be the above-mentioned solvent, 
and other conventional solvent such as diethyl ether, 
dioxane, tetrahydrof uran , etc., or a mixture thereof! 

The reaction temperature of this reduction is not 
critical and the reaction is usually carried out under 
cooling to warming. 

The present invention includes within the scope of 
the invention the case that protected carboxy in r2 is 
transformed into carboxy. 



Process 5 



The object compound (Ig) or a salt thereof can be 
prepared by subjecting a compound (If) or a salt thereof 
to elimination reaction of the carboxy protective group 

Thxs reaction can be carried out in a similar manner 
to that of Process_4 mentioned in the above, and therefore 
the reaction mode and reaction conditions [e.g. base, 
acid, catalyst, solvent, reaction temperature, etc.] 'of 
this reaction are to be referred to those as explained in 



Process 4 . 



Process 6 



The object compound (Id) or a salt thereof can be 
prepared by reacting the compound ( le ) or a salt thereof 
to protecting reaction of amino. 

This reaction can be carried out according to a 
conventional manner such as the one described in Example s 
or the similar manners thereto. 

Proces.q 7 

The object compound (If) or a salt thereof can be 
prepared by subjecting the compound (Ig) or a alt thereof 
to protecting reaction of carboxy. 

This reaction can be carried out according to a 
conventional manner' such as the ones described in Examples 
or the similar manners thereto. 

Process fl 

The object compound (li) or a salt thereof can be 
prepared by subjecting a compound (Ih) or a salt thereof 
to elimination reaction of amino protective group. 

This reaction can be carried out in a similar manner 
to that of Process 4 mentioned in the above, and therefore 
the reaction mode and reaction conditions [e.g. reactive 
derivative, solvent, reaction temperature, etc.] of this 



- 43 - 



qo 



It 



25 



30 



35 



Process 9 

The objoct compound (ih) or a salt thereof can 
prepared by subjecting the compound (li) or its Z 
derivative at the ^mir^r. ^ J or its reactxve 

tne amino group, or a salt thereof to 
acylation reaction 



Suitable acylating agent to be used in rh^ „ 



- °" (X) 



^= ^^yi ^= mentioned befere) 
or its reactive derivative, or a salt thereof ' 

suitable reactive derivative at the amino group of 
.ts tautomeric enamine type isomer formed by the reaction 

: idetd^" ^^^^ ^ ^^^^^-^ ~- such :r 
t e i:;,r°r r ^ ^^^^^ ^^^^^-^^^-^ ^°-d by 

such as" O b . ^''^ ^ 

such as N,0-bis(trimethylsilyl)acetamide, 

N-trimethylsilyiacetamide or the like- ^ ■ ^■ 
by the reaci-,r,. ^ . ' 'derivative formed 

Jichl °' compound (li, with phosphorus 

trichloride or phosgene, and the like. 

incluL^aTalidTLT ^^^^T " — - (X) .ay 

ester and ^^^^ anhydride, an activated 

chi:::.e example may be an acid 

such a! H " ""^'^ anhydride with an acid 

such as substituted phosphoric acid (e.g 

dialkylphosphoric acid, phenylphosphoric acid, 

d^phenylphosphoric acid, dibenzylphosphoric acid, 

T.TZIT di-l^cylphosphorous 
acid sulfurous acid, thiosulfuric acid, alkanesulf onic 
(e.g., methanesulfonic acid, ethanesulf onic acid 
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etc ), sulfuric acid, alkylcarbcnic acid, aliphatic 
carbcxylxc acid (e.g., px.alic acid, pentancic acid 
isopentanoic acid o ^^ ^ - ' 

acid etc >. ! ^--^hylbutyrxc acid, trichloroacetic 

iietrazole; an activated ester fe a 
cyanomethyl ester, methoxymethyl ester 

clin,ethyli:ninoznethyl [ (CH3 ) 2-n=CH- ] ester, vinyl ester 

ester, tr.chlorophenyl ester, pentachlorophenyl ester 
^esylphenyl ester, phenylazophenyl ester, phenylthio 
ester, p-nitrophenyl thioester, p-cresyl thioester 
carboxymethyl thioester, pyranyl ester, pyridyl esier 

. wxth a N-hydroxy compound (e.g., 
N,N di™ethylhydroxylan,ine, 1 -hydroxy-2- ( IH) -pyridone , 
N-hydroxysuccinixnide, N-hydroxybenzotriazole 
N .ydroxyphthali.i.e, l-hydroxy-S-chloro-XH-;en.otria.ole, 
etc.), and .he Ixke. These reactive derivatives can 
optionally be selected fro. then, accordingly to the .ind 
of the compound (li) to be used. 

solveir T''"" '^^'^"''^ """"'^^ ^ conventional 

solvent such as water, acetone, dioxane, acetonitrile 
Chloroform, .ethylen'e chloride, ethylene chloride, 
tetrahydrofuran, ethyl acetate, N,N-di.ethylf orma.ide, 
pyrxdxne or any other organic solvents which do not 
adversely affect the reaction, or the .i.ture thereof, 
its sr^r/''' """P^-^^l (^i) - -sed in free acid forn. or 
caLL '"^^ reaction, the reaction is preferably 

laent T " '"^^ °' ^ conventional condensing 

Tllin^' ^''N'-dicyclohexylcarbodii.ide; N-cyclohexJl- 
N -morpholinoethylcarbodiimide; N-cyclohexyl-N' -( 4- 
dxethylamxnocyclohexyl ) carbodiimide; 
N,N'-diisopropylcarbodiiinide; N-ethyl-N' -( 3- 



dimethylaminopropyl ) carbodiimide ; N, N-carbonyl-bis ( 2- 
methylimidazole ) ; pentamethyleneketene-N-cyclohexylimine • 
diphenylketene-N-cyclohexylimine; ethoxyacetylene; 

1- alkoxy-l-chloroethylene; trialkyl phosphite; isopropyl ' 
polyphosphate; phosphorous oxychloride (phosphoryl 
chloride); phosphorous trichloride; thionyl chloride; 
oxalyl chloride; triphenylphosphite; 

2- ethyl-7-hydroxybenzisoxazolimn salt; 2-ethyl-5- (m- 
sulfophenyl)isoxa2oliuin- hydroxide intra-molecular salt; 

l-(p-chloroben2enesulfonyloxy)-6-chloro-lH-ben20triazole; 
so-called Vilsmeier reagent prepared by the reaction of 
N,N-dimethylfonnamide with thionyl chloride, phosgene, 
phosphorous oxychloride, etc.; or the like. 

The reaction may also be carried out in the presence 
of an organic or inorganic base such as an alkali metal 
bicarbonate, tri ( lower )alkylamine, pyridine, 
N- ( lower ) a Iky Imorphor ine , N , N-di ( lower ) alkylbenzy lamine , 
or the like. 

The reaction temperature is not critical, and the 
reaction is usually carried out under cooling to heating. 

The processes for preparing the starting compounds 
(IV). and (V) are explained in detail in the following. 

Process A .'■ 

The object compound (IX) or a salt thereof can be 
prepared by reacting a compound (II) or its reactive 
derivative at the carboxy group or a salt thereof with a 
compound (Vlii) or its reactive derivative at the amino 
group or a salt thereof. 

This reaction can be carried out in a similar manner 
to that of Process 1. mentioned in the above, and therefore 
the reaction mode and reaction conditions [e.g. reactive 
derivative, solvent, reaction temperature, etc.] of this 
reaction are to be referred to those as explained in 
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Process B 



CiilO 
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The object compound (IV) or a salt thereof can be 
prepared by subjecting a compound (IX) or a salt thereof 
to el...natlon reaction of the carboxy protective gro!p 

to tha\":f^::::::: T:::-r' r " ^ — 
the .eactior;;^!^.™: id^^r^n; . r br^^- 

ac.d, catalyst, solvent, reaction temperature, etc. /of 



The present invention includes within the scope of 
■U the xnvention the case that amino protective group in r1 

■■15 is transformed into amino. 



Process r 



The object compound (Va) or a salt thereof can be 
prepared by reacting a compound (6) with acid 
Compound (S) can be prepared as follows 

(1) w.th formalin, and both compound ( 4 ) and compound (5) 
can be prepared by reacting a compound (2) with a compound 
(3) to Lxpase-catalyied reaction, and compound (6) can be 
prepared by reacting compound (5, with aqueous axmnonia 

The reaction of each step can be carried out in a 
conventional manner such as the ones described in 
Preparations . 

Process n 

The object compound (Vb) or a salt thereof can be 
prepared by reacting a compound (11) with acid 
Compound (U) can be prepared as follows 
compound ( 9 , can be prepared by reacting a compound 
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(7) with a compound (8) (wit tig reaction), and compound 
(11) can be prepared by reacting a compound (9) with a 
compound ( 10 ) . 

The reaction of each step can be carried out in a 
conventional manner such as the ones described in 
Preparations . 

When the object compound (1) obtained by the above- 

mentioned processe>>; i = „ = ^=, ^ c 

px^ocesses xs xn a free form, it can be converted 

into a salt form in a conventional manner. On the other 

hand, when the object compound (I) thus obtained is in a 

salt form, it can be converted into a free form or another 

salt form also in a conventional manner. 

The compounds obtained, by the above Processes 1 to 9 ' 
and A to D can be isolated and purified by a conventional 
method such as pulverization, recrystallization, column- 
chromatography, reprecipitation of the like. 

It is to be noted that each of the object compound 
( I ) may include one or more stereoisomer such as optical 
isomer(s) and geometrical isomer(s) due to asymmetric 
carbon atom(s) and double bond(s) and all such isomers and 
mixture thereof are included within the scope of this 
invention . 



Now in order to show the utility of the object 
compound (i), some pharmacological test data of the 
representative compound (I) of the present invention are 
shown in the following. 

Test 1 : Effect on platelet aggregation induced by 
adenosi ne dip ho sphate fADP^ 

Test Compound 

(1) the compound of Example 21 



Test Method 

Platelet rich plasma ( PRP ) which contains 3 x lO^ 
platelets /mi was prepared from human blood. To the 225 ul 
of PRP, 25 ul of drug solution* was added, and then 
stirred for 2 minutes at 37 °C. To the solution 5 of 
ADP (final 2.5 m) was added as an aggregation inducer. 
Aggregation was measured by using an aggregometer (NBS 
HEKA-TRACER 801). Activity of inhibitor (test compound) 
was expressed as ic^oo ^^l^e i.e. dose required for 
complete inhibition of platelet aggregation. 

Drug solution* Test compound was dissolved in 

water. 



water. 
Test Result 



Test Compound ^^IQO i^) 

(1 ) 1. 0 X 10"^ 

The pharmaceutical composition of the present 
invention can be used in the form of a pharmaceutical 
preparation, for example, in solid, semisolid or liquid 
form, which contains the object compound (I) or a 
pharmaceutically acceptable salt thereof, as an active 
ingredient in admixture with an organic or inorganic 
carrier or excipient suitable for rectal, pulmonary (nasal 
or buccal inhalation), nasal, ocular, external (topical), 
oral or parenteral (including subcutaneous, intravenous 
and intramuscular) administrations or insufflation. 

The active ingredient may be compounded, for example, 
with the usual non-toxic, pharmaceutically acceptable 
carriers for tablets, pellets, troches, capsules, 
suppositories, creams, ointments, aerosols, powders for 
insufflation, solutions, emulsions, suspensions, and any 
other form suitable for use. And, if necessary, in 
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addition, auxiliary, stabilizing, thickening and colorina 
agents and perfumes may be used. <=0-Lorxng 

The object compound (I) or a pharmaceuticallv 
acceptable salt thereof is/are included in the 
pharmaceutical composition in an amount sufficient to 
Produce the desired effect upon the process or condition 
or the diseases. 

The pharmaceutical composition of the present 
^^l'^ manufactured by the conventional method 

aen . °' " — -V'^ the technique 

generally used in this field of the art for improving the 
bioavailability of a drug can be applied to the 
Pharmaceutical composition of the present invention. 

For applying the composition to a human being or an 
anxmal, it is preferable to apply it by intravenous 
Uncluding i.v. infusion), intramuscular, pulmonary, or 
oral administration, or insufflation including aerosols 
from metered dose inhalator, nebulizer or dry powder 
mhalator. 

of thr^i^ ^''^ °' therapeutically effective amount 

upon th ""'^^ ^'"'^ ^-P-'^- 

Ttre t T-^^"" -n^it^- Of each individual patient to 
be treated, in the case of intravenous administration, a 
daily dose Of 0.001-100 mg of the object compound ( i ) per 
kg weight Of a human being or an animal, in the case of 
intramuscular administration., a daily dose of 0.001-100 mg 
Of the Object compound (l) per kg weight of a human being 
or an animal, in case of oral administration, a daily dose 
Of 0.001-200 mg of the object compound (I, per kg weight 
Of a human being or an animal in generally given for the 
prevention and/or the treatment of aforesaid diseases in a 



human being or an animal. 



The following Preparations and Example.., are given for 
the purpose of illu4l:rating the present invention in more 
detail. 

Preparation 1 

(1) To a mixture of (R)-ethyl nipecotinate (1.85 g), 
3- (l-tert-butoxycarbonyl-4-piperidyl) propionic acid (3.04 
g) and 1-hydroxybenztriazole (1.60 g) in N,N- 
dimethylformamide (20 ml) was added l-ethyl-3- ( 3- 
dimethylaminopropyl)carbodiimide (2.16 ml) under stirring 
at 0°C. After stirring at ambient temperature overnight, 
the mixture was poured into water and extracted with ethyl 
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acetate. The extract was washed with water, brine and 
dried over MgS04 , and evaporated in vacuo. The residue 
was purified .by chromatography on silica gel eluting with 
(CHCl3:MeOH) = (100:1) to give (R)-ethyl l-[ 3- ( 1-tert- 
butoxycarbonyl-4-piperidyl ) propionyl ] -3- 
piperidinecarboxylate as an oil (4.01 g) . 

IR (Film) : 2960, 2900, 2840, 1710, 1665, 1630 cm"! 
NMR (CDCI3, S) : 1.00-1.20 ( IH, m), 1.28 (3H, t, 

J=7.1H2), 1.45 (9H, s), 1.48-1.88 (9H, m), 1.98- 
2.15 (IH, m), 2.31-2.51 (3H, m) , 2.62-3,12 {4H, 
m), 3.35-3.47 ( 1/2H, m), 3.65-3.85 ( IH, m) , 
4 . 00-4.22 (4H, m) , 4.56-4.69 (l/2fi, m) 
Mass (m/z) : 397 (M^^+l) 

The following compounds were obtained according to a 
similar manner to that of Preparation 1 / 1 ) . 

(2) Ethyl l-[2-(l-ben2yioxycarbonyl-4- 

Piperidyloxy ) acetyl ]-3-piperidinecarboxylate 

IR (Film) : 2930, 2860, 1720, 1690, 1640 cm"! 

NMR (CDCI3, 6) : 1.25 ( 3H, t, J=7 . iHz ) , 1.46-1.94 
(7H, m), 2.00-2.16 (IH, m) , 2.40-2.59 (IH, m) , 
2.85-3.40 (4«, m), 3.56-3.64 (IH, m) , 3.73-3.98 
(3H, m), ^4.04-4.32 (2+1/2H, m) , 4.15 (2H, q, 
J=7.7H2); 4.49-4.60 (1/2H, m) , 5.12 (2H, s), 
7.30-7.37 (5H, m) 

Mass (m/2) : 433 (M"^+l) 

( 3 ) ( R ) -Ethyl 1- [ 3- ( l-benzyloxycarbonyl-4-piperidyl ) - 
propionyl ]-3-piperidinecarboxylate 

IR (Film) : 2980, 2920, 2840, 1715, 1690, 1630 cm"! 

NMR (CDCI3, 6.) : 1.05-1.30 (5H, m) , 1.40-1.88 ( 8H, 
m), 1.98-2.15 (IH, m) , 2.30-2,50 ( 3H, m) , 2.70- 
3.10 and 3.35-3.47 (total 4H, m) , 3.67-3.83 (IH, 
m), 3.98-4.21 and 4,55-4.66 (total 5H, m) , 5.12 
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(2H, s) , 7.29-7.37 (5H, m) 
Mass (m/z) : 431 (n'^+i) 

(4) Methyl l-[ 3- ( l-tert-but:oxycarbonyl-4- 

piperidyl ) propionyi ] -3-pyrrolidinecarboxylate 
IR (Film) : 3450, 1730, 1680, 1630 cm'^ 
NMR (CDCI3, 5) : 1.07-1.18 (2H, m) , 1 . 453 ( 9H, s), 
1.57-1.69 (3K, m), 1.53 (3H, s), 2.12-2.31 (3H, 
m). 2.61-2.73 (2H, m) , 3.02-3.20 (IH, m) , 3.45- 
3.75 (7H, m), 4.05-4.15 (2H, m) 
Mass (m/2) : 369 (M^^+l) 

( 5 ) 3- [ 3- ( l-tert:-but:oxycarbonyl-4- 

piperidyl ) propionyi ] aminopyridine 
mp : 152-153^C 

•IR (Nujoi) : 1680, 1600 cm"! 

NMR (CDCI3, 6 ) : 1.00-1.20 {2H, m) , 1.45 (9H, s), 

1.40-1,51 (IH, m), 1.61-1,75 (4H, m) , 2.43 (2H, 

J=7.6H2), 2.39-2.46 ( 2H, m) , 4.03-4.14 ( 2H, 
m), 7.28 (IH, t, J=7.0Hz), 8.22 (IH, dd, J-5 . 7 
and 2.3H2), 8.32 (IH, dd, J-4 . 7 and 1 . 4H2 ) , 8.59 
(IH, d, J=2.4H2), 8.65 (IH, s) 

Mass (m/2 ) : 334 (M-^+l) 

(6) Ethyl (S)-l-[3-^(i-tert-butoxycarbonyl-4-piperidyl)- 
propionyi ] - 3-piperidinecarboxy late 
IR (Film) : 2930, 2860, 1720, 1680, 1635 cm-1 
NMR (CDCI3, S) : 1.03-1.23 (2H, m), 1.27 (3H, t, 

J=7.1H2), 1,45 (9H, s), 1.53-1.74 ( 9H, m) , 1.98- 
2.15 (IH, m), 2.32-2.51 (3H, m) , 2.60-3,11 (4H, 
m), 3.68-3.86 (IH, m) , 4.03-4.22 ( 4H, m) 
Mass (m/2) : 397 (M"^+l) 

{ 7 ) N-( ( R ) - ( i-benzyloxycarbonyl ) - 3-piperidylcarbonyl ] - 
2(S)-tert-butoxycarbonylamino-|3-alanine ethyl ester 
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IR (Film) : 3320, 2975, 2930, 2860, 1700, 1680, 
1660 

NMR (CDCI3, 5) : 1.23-1.32 (IH, m), 1.28 (3H, t, 

J=7.1Hz), 1.43 (9H, s), 1.47-1.67 (4H, m)', 1.12 
2-03 (2H, m), 2.23-2.40 ( IH, m) , 3.45-3.90 ( 4H 
m), 4.13-4.25 (3H, m) , 4.31-4.42 ( IH, m) , 5. is' 
(2H, d, J=6.7H2), 7.36-7.39 (5H, m) 

Mass (m/z) : 478 (M"^+l) 

( 8 ) N- ( 3-Pyridyl ) -3 ( S ) - ( tert-butoxycarbonylamino ) - 
succinamic acid methyl ester 
IR (Film) : 2975, 1700, 1680, 1500 cmrl 
NMR (CDCI3, S) : 1.49 (9H, s), 2.77 (IH, dd , J=17.1 
and 6.2H2), 3.05 (IH, dd, J=17.1 and 4.4H2), 
3.74 (3H, s), 4.53-4.72 (IH, m) , 5.91-5.00 ('iH, 
m), 7.23-7.30 (IH, m) , 8.11 (IH, dq, J=8 . 3 and 
l-OHz), 8.35 (IH, dd, J=4.8 and 1 . 4Hz ) , 8.59 
(IH, d, J=2.4Hz), 8.8-3-8.87 (IH, br) 
Mass (m/z) : 324 (M++1) 

(9) N-[ (3-Pyridyl) -2 (S)-( tert-butoxycarbonylamino) ]- 
succinamic acid ethyl ester 
mp : 134-135°C 

IR (Nujol) : 3300, 1720, 1680, 1665 cm"! 

NMR (CDCI3, 5)': 1.28 (3H, t, .J=7.1Hz), 1.45 ( 9H, 
s), 2.96 (IH, dd, J=16.1 and 4 . 6Hz ) , 3.09 (IH, 
dd, J=16.1 and 5 . 2Hz ) , 4.24 (2H, q, J=7.1H2),' 
4.58 (IH, dt, J=8.3 and 4.9Hz), 5.71-5.75 (IH, 
m), 7.24-7.30 (IH, m) , 8.13-8.20 (IH, ra) , 8.32- 
8.37 (IH, m), 8.43-8.47 (IH, m), 8.57-8.61 (IH, 
m) 

Mass (m/z) : 338 (M++1) 

(10) N- [ ( 3-Pyridyl ) -3 ( R ) - ( tert-butoxycarbonylamino ) ] - 
succinamic acid benzyl ester 
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IR (Film) : 2970, 1705, 1670 cm-l 

^ (CDCI3, S) : 1.47 (9H, s), 2.83 (IH, dd , J=15.6 
and 5.3HE), 3.07 (IH, dd, J=17.1 and 4 . 7Hz ) 
4.65-4.75 (IH, m), 5.15 (2H, s), 5.93 (IH, d 
J=8-4H2,, 7.21-7.27 (IH,. m) , 7.33 (5H, s), 8^07 
(IH, dq, j=8.3 and l.OHz), 8.35 (IH, dd, j=.4 7 
and 1.4Hz), 8.57 (IH, d, J=2.4Hz), 8.87 ( IH, s) 

Mass (m/z) : 4.00 (M"^+l) 



gl (1) A solution of (R)-et:hyl l-[ 3- ( 1-tert-butoxycarbonyl- 

'^-P^P^^^dyl)Propionyl]-3-piperidinecarboxylate ( 3 9 9 g) in 
fy a mixture of methanol (10 ml), tetrahydrof uran (10 ml) and 

... water (10 ml) was added lithium hydroxide (1.27 g) under 

^5 stirring at O'C. After stirring at ambient temperature 

jM for 1 hour, the mixture was acidified with 5% KHSO4 

:jj aqueous solution and extracted with ethyl acetate The 

□ extract was washed with water, brine and dried over MgSO^ 

and evaporated in vacuo to give (R) -1- [ 3- ( l-tert- 
butoxycarbonyl-4-piperidyl )propionyl] -3- 
piperidinecarboxylic acid (3.34 g) . 
mp : 102-104°C 

IR (Nujol) : 1720, 1680, 1630 cm"! 

NMR (DMSO-dg, 5) : 0.84-1.10 (2H, m), 1.38-1.76 (8H, 
1.38 (9H, s), 1.82-2.01 (IH, m) , 2.20-2.45 
(3H, m), 2.59-2.76 ( 2H, m) , 2.89-3.09 (IH, m) , 
3.28-3.40 (lH,m), 3.69-3.98 and 4.31-4.44 
(total 4H, m) 



35 



The following compounds were obtained according to a 
similar manner to that of Preparation 7 p ^ 

( 2 ) ( R ) - 1 - [ 3 - ( 1 -Benzyloxycarbonyl -4 -piperidy 1 ) propionyl ] - 
3-piperidinecarboxylxc acid 
mp : 134-135°C 
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IR (Nujol) : 1715, 1680, 1500 cm-l 

NMR (DMSO-dg, 6) : 0.90-1.10 (2H, ru), 1.30-1.73 ( 8H 
m). 1.85-1.98 (IH, m), 2.20-2.49 (3H, m) , 2.65-' 
2-86 (2H, m), 2.94-3.06 (IH, m) , 3.27-3.38 ( IH 

3.59-3.84 and 4.34-4.42 (total 2H, m) , 3 95- 
4-,02 (2H, m), 5.05 (2H, s), 7.27-7.41 (5H, m) 
12.38 (IH, s) ^ ' )' 

Mass (m/z) : 403 (iM++l) 

(3) (S)-l-[3-( l-tert-butoxycarbonyl-4- 

piperidyl)propionyl]-3-piperidinecarboxylic acid 
fP : 111-112°C 

IR (Nujol) : 3100, 1720, 1580, 1620, 1600 cii,-l 
NMR (DMSO-dg, 6) : 0.88-1.09 ( 2H, m) , 1.38 (9H, s), 
1.28-1.74 (8H, m), 1.87-2.01 (IH, m) , 2.15-2.79 
(6H, m), 2.94-3.08 (IH, m) , 3.70-3.94 (4H, m) , 
12.31-12.49 (IH, br) 
Mass (m/z) : 269 (M++l-Boc) 

Preparation 1 

(1) A mixture of ethyl l-[ 2- ( l-benzyloxycarbonyl-4- 
pxperidyloxy ) acetyl J -3-piperidinecarboxylate (2.06 g) and 
IN NaOH aqueous solution (14.29 ml) in a solution of 
tetrahydrofuran (10 ml), ethanol (10 ml) and water (10 ml) 
was stirred for 1 Kour at ambient temperature. The 
mixture was acidified with 10% aqueous solution of khso. 
and extracted with ethyl acetate. The extract was washed 
with water, brine and dried over MgS04, and evaporated in 
vacuo. The residue, was recrystallized from diethyl ether 
to give l-[2-(l-benzyloxycarbonyl-4-piperidyloxy)acetyl]- 
3-piperidinecarboxylic acid (1.51 g) . ' 
mp : 102-104°C 

IR (Nujol) : 1720, 1690, 1615, 1600 cm"! 
NMR (DMSO-dg, 6) : 1.34-2.00 (8H, m) , 2.23-2.50 ( IH, 
n>), 2.73-3 .86 (9H, m) , 4.14-4.36 ( 2H, m) , 5.07 



(2H, s), 7.28-7.42 (5H, m) , 12.34-12.55 (IH, br) 
Mass (m/2) : 405 {M++1) 

The following compound was obtained according to a 
similar manner to that of Preparation ^ ( i | 

( 2 ) 1- [ 3- ( l-tert-butoxycarbonyl-4-piperidyl )propionyl ] -3- 
pyrrolidinecarboxylic acid 
mp : 102-103°C 

IR (Nujol) : 1720, 1680, 1480 cm"! 

NMR (DMSO-dg, 6) : 0.92-0.98 (2H, m) , 1.38 ( 9H, s), 
1-60-1.66 (2H, m), 1.94-2.08 ( 2H, m) , 2.11-2.23 
(2H, m), 2.52-2.66 (2H, m) , 2.96-3.14 (IH, m) , 
3.33-3.68 (7H, m) , 3.88-3.94 (2H, m) 

Preparation 4 

(1) TO a solution of N-tert-butoxycarbonyl-o-mesyl- (L) - 
serine ethyl ester (5 g) in N, N-dimethylf ormamide (50 ml) 
was added sodium azide (2.09 g, under stirring at ambient 
temperature. After stirring at 60°C for 3 hours, the 
mixture was poured into water and extracted with ethyl 
acetate. The extract was washed with water, brine and 
dried over MgS04 , and evaporated in vacuo. The residue 
was purified by column chromatography on silica gel 
eluting with ( n-hexa,^ : EtOAc = 7 : 1 ) to give ethyl 3- 
azidomethyl-2 ( S ) - ( tert-butoxycarbonyl ) aminopropionate ( 1 . 5 

IR (Film) : 3450, 2960, 2090, 1700 cm"! 

NMR (CDCI3, 5) : 1.31 (3H, t, J=7.1Hz), 1.46 (9H, 
s)' 3.73 (IH, d, J=3.6Hz), 4.26 (2H, q, 
J=7.1Hz), 4.41-4.51 (IH, m) , 5.34-5.45 (IH, m) 

Mass (m/z) : 159 (m+-H-Boc) 

The following compound was obtained according to a 
similar manner to that of Preparation dp. 
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( 2 ) N- ( Benzyloxycarbonyl ) -3 ( S ) -azidomethyl-p-alanine 
terr-butyl ester 

IR (Film) : 3300, 2100, 1720 cm-1 

^ (CDCI3, 5) : 1.44 (9H, 3), 2.51 (2H, d 

J=6.0Hz), 3.48-3.52 ( 2H, m) , 4.08-4.18 (IH, „) , 
S-.ll (2H, s), 5.40 (IH, br), 7.34-7.36 ( 5H m) 
Mass (m/z) : 333 

Preparation S 

(1) A mixture of ethyl 3-a2ido-2 (S ) - { tert- 
butoxycarbonyl)aminopropionate (0.5 g) and 10% Pd-C (0 1 
g, 50% wet) in ethanol (5 ml) was hydrogenated at 
atmospheric pressure for 1 hour. After the catalyst was 
removed by filtration, the filtrate was concentrated in 

vacuo to give 2 ( S ) - ( tert-butoxycarbonyl ) amino-P-alanine 
ethyl ester (0.45 g) . 

IR (Film) : 3350, 2960, 1720, 1680, 1650 cm"! 

NMR (DMSO-dg, 5) : I.17 (3H, t, J=7.4Hz), 1.39 (9H, 

s), 1.30-1.85 (3H, m), 2.75-2.78 (IH, m) , 3.33- 

3.49 (IH, m), 4.07 (2H, q, J=7 . IH2 ) , 6.80-5.89 

and 7.11-7.23 (total IH, m) 

The following compound was obtained according to a 
Similar manner to that of Preparation p ^ 



/ 



(2) 2(S)-Acetylainino-/3-alanine ethyl ester 
Ca]g5 = -35.90 (c=i.o, EtOH) 
IR (Film) : 1740, 1630 cm"! 

NMR (DMSO-dg, S) : 1 . 20 (3H, t, J=7.1Hz), 1.89 (3H, 
s)/ 2.99-3.23 (2H, m), 4.11 (2H, q, J=7 . IHz ) , 
4.46-4.57 (IH, nt), 8.30 (2H, br) , 3.63 (IH, d, 
J=7. 68H2) 

Mass (m/z) : (m++1) 
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^s.J%\TtT"°'' °' N-ter.-but:oxyca.bonyl-.-3erine ethyl 
-ster (8.20 g) xn tetrahydrof uran (300 ml) was adri»H 
-.Phenylphosphine (10.15 g, 387 . .cl) 
diethyldla.ocarbonate (6.09 .1, 38.7 . mol) and 
diphenylphosphonic acid (8 34 ml 38 7 „, \ 
at -5=C. After sti. • """^^ successively 

Arter starring at room temperature for ^ 
the mixture was noi,r-=H • * ^ hours, 

was poured into water and extrsr-t-ow 

acetate. xhe extract was washed with wate! satuLt: 
aqueous NaHC03 solution and brine, dried ov;r .MgsT and 
evaporated in vacuo. The residue was purified W col 
chromatography on sil,-^= ■, , purj-tied by column 

^ on sxlica gel eluting with fEtOAf--r, h 

= 10:90) to give ethvi ^ . y -^tn ( EtOAc. n-hexane 

y-'^s ethyl 3-a2ido-2(S)-(tert- 

butoxycarbonylamino) propionate (5.0 g) . 

(Film) : 3450, 2960, 2090, 1700 cm"! 
-(C0CI3 o)= X.31(3H, t, 

3.73 (IH, d, J=3.5Hz), 4.26 (2H, q 
J-7.1HZ), 4.41-4.51 (IH, m) , 5.34-5 ^5 ' m „ ^, 
Mass (m/z) : 159 (M+.l-Boc) ^ ' 

Prepa ration 7 

To a solution of ethyl 3-azido-2(S)-(tert- 
butoxycarbonylamino)propionate (0.5 g) in ethvl a . 
ml) was added 4N HCl in 1 ^ acetate (5 

. ^^"^yl acetate (5 ml) at 0°C 

After stirring at room temperature for 2 hours the" 

— residue "a 

recrystallized from diethyl ether to give ethyl 2(S) 
amino-3-azidopropionate hydrochloride (O 3 g) 

Mass (m/z) : icq x ^ 

; i:>9 (M +1) free of compound 

Prepa ration R 

(1) TO a solution of 3-aminopyridine (i g) in 
dichloromethane rin mi> . \ y ; 

ane (lo ml) was added triethylamine (1.63 ml) 



and 3-methoxycarbonylpropionyl chloride (1.44 .1) .nH 

Stirring at 0='C a^^t- - ^^-^^ ml) under 

for 1 hour/L^il " ^"^'^'^^ temperature 

» . nixxture was poured into water and 

extracted with dichloro.ethane . The extract w 
with water, saturated extract was washed 

, saturated aqueous NaHCOT solution w=.^ 
brine, and dried over Mosn ..h "^^O", water and 

uver >!gb04, and evaporatearf i- r, 
residue was purified b.. u ^acuo . The 

f -co-rxea by column chroma toqraohv or, 
gel eluting with ^THri v, "^rapny on silica 

fro. diethyl ether to • ^ ^ ^-alli.ed 

-thyl ester (0 7I ,1''^^ ( ^-Pyridyl ) succina.ic acid 
: 78-79°C 
IR (Nujol) : 1730, 1685, 1610 cm-1 

-(COCl a ..66-3.SM4H, 3:.. (3H, sK 

1-2H2), 8.58 (2H, d, J=8.6H2) 
Mass (in/z) = 209 (M++1) 

^ tnat Preparation R f i | 

' ' ' iTfi ■ ? ' ' ^ -^^-^^-i--3-a.idopropionate 
^ (Fxlm) : 3300, 2100, 1720, 1650 cxn-1 

(COCI3, : 1.32 (3H, t, .=..,H.,, 2.07 (3H 

4.70-4.77 (iH, m), 6.36 ( IH, br) 
Mass (m/z) : 201 (M++1) 

PrepflT- ation q 

A mixture of N- ( 3-pyridyl ) -3 (R) - ( tert- 

at°rr7:r:rr\;^:-^^^ ^--^ --^ g, 

was hydrogenated 1 -etrahydrof uran (50 ml) 

After thnrrr """^^P^^-i- P-^sure for 2 hours. . 
was concentlteT' '^'"^^'^ - ^^^--^on , the filtrate' " 

from .i:::T.:Vr~- ^^^^^-^ recrystamzed 

ether to give N- ( 3-pyridyl ) -3 ( r , _ ( tert- 



™':«st.: "II' 

«), 8.03-8.07 UH = '-"-7.38 



'•'5 (IH, s), 10.23 (IH, s) 



^^yclrogen carbonate 0 54 " 

-1) -as added to a soi'' !n ''"^^"'^^^^^^^-an.lde (5 

temperature for 4 days -h. • ^^irring at room 

-c. extracted ...h 3^.;^ 1::^^^^ — ^-o .ater 
-th water and brine, and ZIT ' '"'""^ ^^^-^ 

.=ia ,„„ 

(Film) : 2980, 2940 17,^ 

- ^-^s ciH, ^d, a=i;2 Jd ,T'' 

(XH, m), 5.^6-5 9V i;"'/=^""^>' 
^^"^ 8.10 (IH, dg, a=8 3 an"'/ ' ^•""^•30 

(IH, dd, j=4.7 and 1 Hz ) 8 59 ' " 

-^-H.K 3.7S-8.81 (IH^;. ^' 



A mixture of m-^i « , 

"""" "^thyl .Met (3.n g) 
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and 4N HCl in dioxane (3.36 ml) and Pt02 (0:39 g) in 
methanol (40 ml, was hydrogenated at atmospheric pressure 
for 2 hours . After the catalyst was removed by 
filtration, the filtrate was concentrated in vacuo The 
residue was recrystallized from diethyl ether to give 

L'ld"'"^ hI''''' ' ' ' ^ " ' ^-"-•^"^-^'--^-yl-ino ) succinamic 
acid methyl ester hydrochloride (3.67 g). 

IR (Nujol) : 1740, 1580, 1540 cm"! 

NMR (DMSO-dg, S) : 1.38 (9H, s), 1.54-1.95 (.H, m) 
2-48-2.92 (3H, m), 3.08-3.20 ( 2H, m) , 3.50 (3H, 
d, JtS.IHz), 3.83-4.04 (2H, m) , 4.20-4.43 (IH, 
m), 7.06-7.20 (IH, m), 8.12-8.29 ( IH, m) 

Mass (m/2) : 330 (M++1) free of compound 

The following compounds were obtained according to a 
Similar manner to that of Preparation n 

(2) N-(3-Piperidyl) succinamic acid methyl ester 
hydrochloride 
mp : 87-89°C 

IR (Nujol) : 3300, 2920, 1720, 1540 cm"! 
NMR (DMSO-dg, 5) : 1.36-1.91 (5H, m) , 2.34-2.40 ( 2H, 
m), 2.47-3.01 (3H, m) , 3.04-3.20 (2H, m) , 3.58 
(3H, s), 3.84-4.02 (IH, m) , 8.23 (IH, d, 
. J=7.3Hz), §.05-9.20 (IH, br) , 9 . 28-9 . 40 ' ( IH, br) 
Mass (m/z) : 215 (M++1) free of compound 

( 3 ) N- ( 3-Piperidyl ) - 2 ( S ) - ( tert-butoxycarbonylamino ) - 
succinamic acid ethyl ester 
IR (Film) : 3400, 1840, 1700, 1640 cm"! 
NMR (DMSO-dg, 6) : 1.16 (3H, t, J=7 . IHz ) , 1.17-1.79 
(6H, m), 1.37 (9H, s), 2.22-2.58 (2H, m) , 2.71- 
2^93 (2H, m), 3.49-3.64 (IH, m) , 4.06 (2H, q, 
J-7.1HZ), 4.29 (IH, q, J=7.4Hz), 7.04-7.10 (IH, 
7.75 (IH, d, J=7.8Hz) 



- 62 - 



10 



a 5 



25 



30 



35 



Mass (m/z) : 344 (m++j^j 

( 4 ) 3- [ [ 3- ( l-tert-butoxycarbonyl-4-piperidyl ) propionyl 1 - 
amino ]piperidine 

IR (Film) : 3400, 2930, 1635 cm-i 

NMR (DMSO-dg, 6) : 0.85-1.04 (2H, m,), 1.27-1 49 ( 5H 
1-38 (9H, s), 1.55-1.77 (5H, m), 1.99-2 .40 ' 
(2H, m), 2.60-2.91 (5H, m) , 3.46-3.64 (2H, m) , 
3.86-3.96 (2H, m) , 7.63-7 .67 ( IH, m) 
Mass {m/z) : 340 {M++1) 

Preparation 17 

A mixture of N- ( 3-pyridyl ) -3 ( R) - ( tert- ' 
butoxycarbonylamino)succinamic acid ethyl ester (0 52 a) 
and Pt02 (0.06 g) in acetic acid (12 ml) was hydrogenated 
at atmospheric pressure for 6 hours. After the catalyst 
was removed by filtration, the filtrate was concentrated 
m vacuo. The residue was dissolved in water. The 
solution was adjusted to pH 10 with saturated aqueous 
potassium carbonate solution, and extracted with ethyl 
acetate. The extract was washed with water and brine, and 
dried over MgS04 ' and evaporated in vacuo to give 
N- ( 3 -piperidyl ) -3 ( R ) - ( tert-butoxycarbonylamino ) succinamic 
acid ethyl ester (0.51 g) as an oil. 

IR (Film) : 3500, 2980, 2940, 1710, I66O cm"! 
NMR (DMSO-dg, 6) : 1.17 (3H, t, J=7 . IHz ) , 1.38 (9H, 
s), 1.32-1.70 (6H, m), 2.28-2.88. (4H, m) , 3.50- 
3-54 (IH, br), 4.00 .( 2H, g, J=7.1H2), 4.20-4.33 
(IH, m), 7.04-7.11 (IH, m), 7.59-7.63 (IH, m) 
Mass (m/z) : 344 (M++1) 

Preoai-ation 1 

To a mixture of N- ( benzyloxycarbonyl ) -3 ( s ) - 
hydroxymethyl-p-alanine tert-butyl ester (3.1 g) and 
trxethylamine (I.35 ml) in dichloromethane (25 ml) was 
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added a solution of methanesulf onyl chloride (1.35 ml 
dichloromethane (5 ml), under ice cooling. After stirring 
at room temperature for 1 hour. The mixture was poured 
into water and extracted with dichloromethane. The 
5 extract was washed with water, brine and dried over MgS04 

and evaporated in vacuo. The residue was purified by 
column chromatography on silica gel eluting with CHCI3 to 
give N- ( benzylo.xycarbonyl ) -3 ( S ) -methanesulf onyloxymethyl ) - 
a-alanine tert-butyl ester (3.1 g) as an colorless oil. 
^° (Film) : 3330, 1710 cm"! 

NMR (CDCI3, S) : 1.44 (9H, s), 2.56-2.59 ( 2H, m) , 

2.74 (IH, br), 2.98 (3H, s), 4.25^4.34 (3H, m), 
5.11 (2H, s), 5.44-5.48 (IH, m) , 7.35-7.42 (5H, m) 

15 Preparation 1 it 

TO a mixture of N-benzyloxycarbonyl ( L )aspartic acid 
6,-tert-butyl ester (3.0 g) and triethylamine (1.55 ml) in 
tetrahydrofuran (30 ml) was added ethyl chlorocarbonate 
(1.06 ml) at -30°C under nitrogen atmosphere. After 
stirring for 1 hour, the precipitate was filtered off and 
the filtrate was added to a solution of NaBH4 (1-05 g) in 
tetrahydrofuran (30 ml) - water (6 ml) at O'C. After 
stirring for 30 minutes, the mixture was neutralized with 
10% aqueous KHSO4 solution and extract with ethyl acetate. 
The extract was was'hed with water, brine and dried over 
MgS04, and evaporated in vacuo. The residue was purified 
by column chromatography on silica gel eluting with 2% 
(MeOH/CHCl3) to give N-(benzyloxycarbonyl ) -3 ( s ) - 
hydroxymethyl-p-alanine tert-butyl ester (2.5 g) as an 
30 colorless oil. 

IR (Film) : 3320, 1700 cm"! 

NMR (CDCI3, 5) : 1.43 (9H, s), 2.53-2.57 ( 3H, s), 

3.68-3.73 (2H, m), 3.99-4.08 (IH, m) , 5.10 (2H, 
m), 5.29-5.52 (IH, m), 7.35-7.37 (5H, m) 

"ass (m/z) : . 310 (M++1) 
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Preparation IS 

(1) A mixture of N-benzyloxycarbonyl-3 ( S ) -hydroxymethyl- 
;3-alanine tert-butyi ester (2.0 g), triphenylphosphine 
(1.87 g), imidazole (0.66 g) and I2 (1.80 g) was stirred 
for 30 minutes at room temperature. The precipitate was 
filtered off and the filtrate was evaporated in vacuo. 
The residue was purified by column chromatography on 
silica gel eluting with 5% ( EtOAc/n-hexane ) to give 

N.benzyloxycarbonyl-3(S)-iodomethyl-/3-alanine tert-butyl 
ester (1.8 g) as a white solid. 

IR (Nujol) : 3350, 1700 cm"! 

NllK (CDCI3, S) : 1.44 (9H, s), 2.48-2.64 ( 2H, m) , 

3.41-3.43 (2H, m),, 3,91-3.98 (IH, m), 5.11 ( 2H, 
s), 5.30-5.35 (IH, m) , 7.35-3.37 (5H, m) 

The following compound was obtained according to a 
similar manner to that of Preparation 15 ( 1 ) . 

( 2 ) N- ( Benzyloxycarbonyl ) -3 ( S ) - (n-butanesulf onyl ) - 
aminomethyl)-i3-alanine tert-butyl ester 
IR (CHCI3) : 1710 cm-l 

NMR (CDCI3, 6) : 0.93 (3H, t, J=7.2H2), 1.43 (9H, 
s). 1.66-1.83 (4H, m), 2.54 ( 2H, d, J=6.0H2), 
2.95-3.03 (2H, m) , 3.26-3.32 (2H, m), 4.00-4.10 
(IH, m), ^.84-4.92 (IH, m), 5,10 (2H, s), 5.60- 
5.61 (IH, m)', 7.35-7.37 ( 5H, m) 
Mass (m/z) : 429 (M"^+l) 

Preparation 16 

To a solution of thiophenol (0.15 ml) in N,N- 
dimethylformamide ( 6 ml ) was added NaH (58 mg ) under ice 
cooling. After stirring at room temperature for 30 
minutes , N- ( benzyloxycarbonyl ) -3 ( S ) -iodomethyl-j3-alanine 
tert-butyl ester (0.6 g) was added and stirred for 
35 additional 1 hour. The mixture was poured into water and 



!^^0 



25 



30 
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extracted with ethyl acetate. The extract 

:::::: ;"r„r/"" """.p:::.:rr "^^^ 

IR (Film) : 3320, ^^.^ 

0.^:5 (2H, m), 4.10-4 Ifl ^ i u 
I' IH, in), 7.18-7 3n ^ i nti 



Prepara tion 17 



Chloroform iXo L T """""""^^ (O-^O g) m 

hours, the .-LL ™' temperature for 2 

N^HC03 solution a:d t'°"'' ^^"^^^^^^ 
extract was C.eT c:hlorofor.. The 

--e ana ..lef er^^^oT::: ^""^ — 
give N-Cbenzyioxvc. K ^^«P°"ted in vacuo to 

-anine^ertl\;^^\t:r\^-f7-----nyl.ethyl-._ 

(^°Cl3, . .,.4, ^^^^ 

^•36-3.46 (IH, n,), 3.58-4 61 mh f ' ' 

'•JO (5H, m), 7.49-7 64 Mr r« x 
Mass (xn/2) : 



(1) A mixture of m i 

and 10% Pd-c (0 1 f'^n! " ^-^"^utyl ester (0.44 g) 

(O.X g, 50% wet) in acetic acid (5 n.1 ) was 
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10 



hydrogenated at 1 atmospheric pressure of hydrogen for 1 
hour. The catalyst was filtered off and the filtrate was 
evaporated in vacuo. The residue was dissolved in ethyl 
acetate and washed with saturated aqueous NaHC03 solution 
The organic layer was dried over MgS04 ^nd evaporated in 
vacuo to give 3 ( S ) -phenylsulf onylmethyl-f3-aianine tert- 
butyl ester (0.3 g) as a colorless oil, 
IR (Film) : 3570, 3370, 1710 cm-^ 

NMR (CDCI3, 5) : 1.42 ( 9H, s), 2.31-2.52 (2H, m), 

3.21-3.30 (2H, m), 3.68-3.78 (IH, m), 7.54-7.72 
(3H, m), 7.91-7.96 (2H, m) 
Mass (m/z) : 300.(M'^-M) 

The following compound was obtained according to a 
15 similar manner to that of Preparation 18 f 1 ^ . 

(2) 3 ( S ) - ( n-butanesulf onylamino )methyl-p-alanine tert- 
butyl ester 

NMR (DMSO-dg, 6) : 0.89 (3H, t, J-7 , 2Hz ) , 1.40 (9H, 
s), 1.54-2.13 (4H, m), 2.31-2.41 (IH, m), 2..81- 
2.87 (2H, m), 2.94-3.02 (4H, m) 
Mass (m/z) : 295 (M-^+l) 



20 



25 



30 



35 



Preparation 19 

To a solution , of N- [ ( R ) - ( l-ben2yioxycarbonyl-3- 
piperidyl ) carbonyl ] - 2 ( S ) - ( tert-butoxycarbonylamino ) -3- 
alanine ethyl ester (0.4 g) in ethyl acetate ( 4 ml ) was 
added 4N HCl in ethyl acetate (2.1 ml) under stirring at 
0°C. After stirring at ambient temperature for 2 hours, 
the resulting precipitates were collected by filtration to 
give N-[ (R)-l-ben2yloxycarbonyl-3-piperidyl) carbonyl ] - 
2(S)-amino-i3-alanine ethyl ester hydrochloride (0.31 g). 
IR (Nujol) : 3300, 1735, 1680, 1640 cm'^ 
NMR (DMSO-dg, 6) : 1.02-1.91 ( 7H, m) , 2.21-2.35 (IH, 
m), 2.80-2.89 (2H, m), 3.42-3.67 (2H, m) , 3.90- 
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4.15 (5H, m), 5.07 (2H, d , J=2 . 7H2 ) , 7.28-7.42 
(5H, m), 8.43-8.49 (IH, m) , 8.64-8.73 (2H, br) 
Mass (m/2) : 378 (M"^-fl) free of compound 

5 Preparation 20 

A solution of N-[ {R)-( l-benzyloxycarbonyl-3- 
piperidyl)carbonyl]-2(S)-amino-p-alanine ethyl ester 
hydrochloride (300 mg ) in dichloromethane ( 3 ml ) was added 
triethylamine (222 nl) and benzoyl thloride (93 nl ) under 
10 stirring at 0°C. After stirring at ambient temperature 

for 1 hour, the mixture was poured into water and 
extracted with dichloromethane. The extract was washed 
with water,- saturated aqueous NaHC03 solution, water and 
brine, and dried over MgS04 , and evaporated in vacuo. The 
15 residue was recrystallized from diethyl ether to give N- 

[ ( R ) - ( 1 -ben2yloxycarbonyi-3 -piperidyl ) carbonyl ] -2 ( S ) - 
benzoylamino-p-alanine ethyl ester (349 mg). 
mp : 135°C 

IR (Nujol) : 3290, 1730, 1685, 1655, 1640 cm"! 
^'^ (CDCI3, 6) : 1.30 (3H, t, J=7 . IH2 ) , 1.33-2.10 

(6H, m), 2.26-2.43 (IH, m) , 3.26-4.03 (5H, m) , 
4.14-4.30 (2H, m), 4.78-4.89 (IH, m), 5.10 (2H, 
d, J=3.9Hz), 7.24-7.55 (lOH, m) , 7 . 85-7 . 9 5 ' ( IH , m) 
Mass (m/z) : 482 (M"^+l) 

25 

Preparation 21 

(1) A solution of N-[ (lR)-(i-benzyloxycarbonyl-3- 
piperidyl)carbonyl]-2(S)-amino-^5-alanine hydrochloride in 
water was made basic with aqueous K2CO3 solution, and 

30 extracted with ethyl acetate. The extract was dried over 

MgS04, and evaporated in vacuo. The residue (198 mg) was 
dissolved in ethyl acetate (5 ml), and added NaHC03 (269 
mg) and benzenesulf onyl chloride (136 ^1). The mixture 
was refluxed for 4 hours. After the insoluble material 

35 was removed by filtration, the filtrate was concentrated 



in vacuo. The -rcac-;^, 

residue was purified by colunm 

:::::r::"r:r r j:rrj" = 

^ L ( R) -l-benzyloxycarbonyl-3-. 

ethyl ester as an oil ( 255 mg) . ^-alan.ne 
IR (Film) : 1720, 1540 cm-1 
NMR (CDC13, 5) : 1 12 MH 1- t , 

r7H , o ^ ' ' 1-40-2.11 

3 SS '''' -3-3.83 (3H, 

(-,.,.=10.0H.), ..31-..40(10H, .),7.S1-V.S 
Mass (m/z) : sig (m++1) 

simil''''" ^°ll°-ing compound .was obtained according to a 
s-n..lar manner to that of Pre^aratiorL^^,^ . ^ '° V 

' ' ' 2 ;s ! ' '"f "^^^°-^--^-^-3-piperidyl ) carbonyl J - 
2(S)-(n-butanesulfonylamino)-p-alanine ethyl ester 
(Fll.) : 2940, 2860, 1730, 1565 cm"! 

-H(-Cl3^S)= O.S3(3H, t, .=7.3H.),i.3l(3H, t, 
4H mi V ' 3-35-3. 7 

■37 5H ' ' ^-33- 

Mass (m/z) : 493 

Prepa ration 

tetrahydrofl"':? -imethylsilylacetylene (1715 ml) in 

chlorile (2 OM ' "'"'"^ -gnasium 

addid f ^°l-t:ion in tetrahydrof uran; 6.19 C) was 

added dropwise below -lOT -^^ « } was 

reaction mixtu.. nxtrogen atmosphere. The 

hour ? -il°-ed to 0-C and sti^ed for 1 

(32o'a, '° etidinone 

(320 g) was added and warmed to room temperature, and 



stirred for 2 hours. After cooling to -20°C, saturated 
ammonium chloride (4.0 1) was added. Ethyl acetate (20 ?) 
was added and washed with water (10 8 x 2) and brine. The 
organic layer was dried over magnesium sulfate, filtered 
off and evaporated in vacuo to give 4-(2- 

trimethylsilylethynyl)-2-azetidinone (425 g), which was 
essentially pure, so it was used to the next step without 
further purification. 

IR (Nujol) : 3150, 2130, 1740, 1330, 1240, 1090, 

1050, 950, 840, 750, 740 cm"! 
NMR (CDCI3, 5) : 0.16 (9H, s), 3.02 ( IH, ddd , J=14.7 
and 2.7 and 1 . 6H2 ) , 3.30 (IH, ddd, J=14.7 and 
5.3 and 1 . 8Hz ) , 4.24 (IH, dd, J=5 ! 3 and 2 . 7H2 ) , 
6-41 (IH, br) 

Preparation 2 3 

4-(2-Trimethylsilylethynyl)-2-a2etidinone (485 g) and 
paraformaldehyde (261 g) was heated at 135=C for 45 
minutes. The resulting mixture was cooled to room 
temperature and purified with column chromatography on 
silica gel ( CH2CI2 : EtOAc = 8:2) to give N-hydroxymethyl-4- 
(2-trimethylsilylethynyl)-2-a2etidinone (429 g) . 

IR (Nujol) : 3300, 1710, 1280, 1230, 1020, 820 cm"! 
NMR (CDCI3, 6) : 0.18 (9H, s), 3.02 ( IH, dd, J=14 . 8 
and 2.7Hz) ,,-3.26 ( IH, dd, J=14 . 8 and 5 . 4H2 ) , 
3-69 (IH, dd, J=9.4 and 5 . 3Hz ) , 4.41 (2H, m) , 
5.01 (IH, dd, J=11.8 and 5 . 2Hz ) 
FAB-Mass : 197 (M++1) 

Preparation 74 

To a solution of N-hydroxymethyl-4- ( 2- 
trimethylsilylethynyl)-2-azetidinone (250 g) in 
dichloromethane (6.5 {) was added vinyl acetate (350 ml) 
and Lipase PS (trademark; Amano Pharmaceutical Co., Ltd.) 
(190 g). The mixture was warmed to 370c and stirred for 
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32 hours. Catalyst was filtered off and washed with 
dichloromethane. Solvent was evaporated in vacuo. The 
residue was subjected to silica gel column chromatography 
eluting with ( n-hexane : EtOAc = 8 : 2 to 0 : 1 ) to give (R)-N- 

hydroxymethyl-4-(2-trimethylsilylethynyl)-2-azetidinone 
(192 g). 

[otjgO = -133.90 (c = 1.12, CHCI3) 

IR (Nujol) : 3300, 1710, 1280, 1230, 1020, 820 cm"! 

NMR {CDCI3, S) : 0.18 (9H, s), 3.02 (IH, dd , J=14.8 
and 2.7H2), 3.25 (IH, dd,, J=14,8 and 5.4H2), 
3.69 (IH, dd, J=9.4 and 5 . 3Hz ) , 4.41 (2H, m) , 
5.01 (IH, dd, J=11.8 and 5 . 2Hz ) 

FA£-Mass : 197.8 (M"^) 

Preparation 25 

To aqueous ammonia (300 ml) and methanol (1000 ml) 
was added ( S ) -N-hydroxymethyl-4- ( 2-trimethylsilylethynyl ) - 
2-azetidinone (101 g) . The resulting mixture was stirred 
at room temperature for overnight. Solvent was evaporated 
in vacuo and the residue was added ethyi acetate (1.5 H) 
and washed with water (100 ml x 3) and brine. The organic 
layer was dried over MgS04 , filtered off and evaporated in 
vacuo. The residue was purified by column chromatography 
on silica gel eluting with ( CH2CI2 : EtOAc = 9:1) to (S)-4- 
ethynyl-2-azetidinone (29.8 g) . 

[oijgO = -63.3° (C=1.09, CHCI3) 

IR (Nujol) : 3200, 2080, 1400, 1320, 1160 cm'l 
NMR (CDCI3, 6) : 2.46 (IH, d, J=2.0H2), 3.11 (IH, 
ddd, J=14.8 and 2.5 and I.6H2), 3.35 (IH, ddd, 
J=14.8 and 5.3 and 1.8Hz), 4.27 (IH, m)", 6.46 
(IH, br) 

Preparation 2fi 

To a solution of ( S ) -4-ethynyl-2-a2etidinone (28.5 g) 
in ethanol (140 mi) was added a solution of HCl in ethanol 
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(5.86N) below 10°C, and stirred for 1 hour at room 
temperature . The mixture was evaporated in vacuo . The 
residue was washed with diethyl ether and collected by 
filtration to give ethyl ( S ) -3-amino-4-pentynoate 
hydrochloride (50.3 g) as white crystal. The ratio of 
enantiomers was determined to be 98.5:1.5 by chiral HPLC 
using CROWNPAK CR(+) (trademark; DAICEL CHEMICAL 
INDUSTRIES, LTD. ) . 

[ot]gO = -6.27° (C=l.ll, MeOH) 

IR (Nujol) : 3210, 2190, 1710, 1560 cm"! 

NMR (DMSO-dg, S) : 1.21 (3H, t, J=7 . IHz ) , 2.84 (IH, 
dd, J=16.1 and 9,1H2), 3.07 (IH, dd , J=16.1 and 
5.0Hz), 4.13 (2H, q, J=7.1Hz), 4.29 (IH, m) , 
8.94 (3H, br) 

Mass (m/z) : 142 (M'^+1) 

Preparation 27 

To a solution of CBr4 (3.11 g) in dichioromethane (15 
ml) was added dropwise a solution of triphenylphosphine 
(4.92 g) in dichioromethane (15 ml) at 0°C. After 
stirring for 10 minutes a solution of (S)-N-tert- 
butyldimethylsilyl-4-forTnyl-2-azetidinone (1.0 g) in 
dichioromethane (10 ml) was added dropwise at 0°C and 
stirred for 20 minutes. The mixture was poured into 
saturated aqueous NaHC03 solution and extracted with 
dichioromethane. The extract was washed with water, dried 
over MgS04 and evaporated in vacuo. The residue was 
purified by chromatography on silica gel eluting with 
(diethyl ether : n-hexane = 1:5) to give (S)-N-tert- 
butyldimethyisilyl-4- ( 2 , 2-dibromoethenyl ) -2-azetidinone 
(0.83 g) as a pale yellow oil. 

IR (Film) : 3450, 3300, 1740, 1600 cm"! 

NMR (CDCI3, 6) : 0.12 (3H, s), 0.16 (3H, s), 0.85 
(9H, s), 2.75 (IH, dd, J=2.8 and 15.6H2), 3.30 
(IH, dd, J=5.6 and 15 . 6H2 ) , 4.13-4.22 (IH, m) , 
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^•38 (IH, d, J=8.8H2) 
Mass (m/2) : 370 (M-^+i) 

Preparation 7fl 

TO a solution of ( S ) -N-tert-butyldin,ethylsilyi_4 
2 2-dibroraoethenyl)-2-azetidi.one (0.63 g) was added 
l.th.u. bxs(trin,ethylsilyl,axnide (3.75 n,l, i :„ol solution 
.n n-hexane, at -75"C. After stirring at -vs^C for 1 
hour, a saturated aqueous NH4CI solution was added and 
extracted with ethyl acetate. The extract was washed with 
water and brine, dried over MgSO^ , and evaporated in 
vacuo. The residue was purified by chromatography on 
sxlxca gel eluting with (diethyl ether :n-hexane = i-S) to 

gxve (S)-N-tert-butyldin,ethylsilyl-4-ethynyl-2-azet;dinone 
(0.20 g) as an colorless oil. 

1^]^° = -61.5° (C=1.0, MeOH) 
IR (Film). : 3420, 3250, 2100, 1720 cm"! 
^ (CDCI3, 6) : 0.19 (6H, s), 0.88 (9H, s), 2.35 
(IH, d, J=2.2H2), 3.02 (IH., dd, j=3.0 and 
15-lHE), 3.28 (IH, dd, J=5.5 and 15 . IHz ) , 4.00- 
4-05 (IH, m) 
Mass (m/z) : 210 (M++1) 

Preparation 2q 

TO a solution of ( S ) -N-tert-butyldiinethylsilyl-4- 
ethynyl-2-azetidinone (120 mg) was added 4N HCl i:> ethanol 
(2 ml) at room temperature. After stirring for 1 hour, 
the mixture was evaporated in vacuo. The residue was 
recrystallized from diethyl ether to give ethyl (S)-3- 
amino-4-pentynoate hydrochloride (50 ml) as a white solid, 
rne ratio of enantiomers was determined to be 99.5:0.5 by 
chiral HPLC using CROWNPAK CR(+). 

= -7.1« (C=1.0, MeOH) 
IR (Nujol) : 3210, 2190, 1710, 1560 cm"! 
NMR (DMSO-dg, 6) : 1.21 (3H, t, J=7 . IHz ) , 2.84 (IH, 
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dd, J=i6.i and 9.1Hz), 3.07 (ih, dd , J=15.1 and 
5.0H2), 4.13 (2H, q, J=7 . IHz ) , 4.29 (IH, m), 
8-94 (3H, br) 
Mass (m/z) : 142 (M++1) 

Preparation TO 

TO a mixture of zi.nc (11.9 g) in tetrahydrof uran (215 
ml) was added titanium (IV) isopropoxide (6.0 ml) at 
ambient temperature and the resultant mixture was stirred 
for 1 hour. A solution of methyleneiodide (8.1 ml) was 
then added to the mixture was stirred for 30 minutes. To 
the resultant mixture was added dropwise a solution of 
( S ) -N-tert-butyldimethylsilyl-4-f onnyl-2-azetidinone (4.3 
g) in tetrahydrof uran (130 ml) and stirred for 2 hours. 
The mixture was poured into a mixture of diethyl ether 
(500 ml) and IN HCl (300 ml). The organic layer was 
washed with water, saturated aqueous NaHC03 solution and 
brine, dried over MgS04 , and evaporated in vacuo. The 
residue was purified by chromatograph on silica gel 
eluting with ( EtOAc : n-hexane = 1:10) to give ( S ) -N-tert- 

butyldimethylsilyl-4-vinyl-2-azetidinone (2.13 g) as a 

colorless oil. 

Ca]g° = -15.6° (C-1.0, iMeOH) 

IR (Film) : 2940, 2860, 1730 cm'^ 

NMR (CDCI3, 6)^ 0.17 (3H, s), 0.19 (3H, s), 0.96 
{9H, s), 2.77 (IH, dd, J=2.8 and 14.7Hz)-, 3.30 
(IH, dd, J=5.6 and 14.7Hz), 3. 97-4. 06 (IH, m) , 
5.15-5.13 (2H, m), 5.58-5.76 (IH, m ) 

Mass (m/z) ; 212 (M^^+l) 

Preparation 

To a solution of ( S ) -N-tert-butyldimethylsilyl-4- 
vinyl-2-a2etidinone (1.0 g) in ethanol ( 5 ml ) was added 6N 
HCl in ethanol (5 ml) at 0°C. After stirring for 1 hour, 
the mixture was evaporated in vacuo and the resultant 
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solid was washed with diethyl ether to give ethyl (S)-3- 
amino-4-pentenoate hydrochloride (0.67 g) as a white 
solid . 

[a]gO = -8.9'' (C=1.0, MeOH) 
IR (Nujol) : 3420, 2100, 1720, 1600 cm-^ 
NMR (DMSO-dg, 5) : 1.19 (3H, t, J=7 . IHz ) , 2.70 (IH, 
dd, J=8.4 and 16.0Hz), 2.91 (IH, dd, J=5 . 7 and 
16.0Hz), 3.93-4.00 (IH, m ) , 4.05 (2H, q, 
J=7.1Hz), 5.31 (IH, d, J-8.0HZ), 5.38 ( IH, d, 
J=15.0Hz), 5.80-5.97 (IH, m) , 8.54 (3H, br ) 
Elemental Analysis C7H2^3N02 -HCl • 0 . 2C2H5OH 

Calcd. : C 47.11, H 8.01, N 7.42 
Found : C 4 7 . 26 , H 8 . 37 , N 7 . 7 9 

Example 1 

(1) To a mixture of ethyl 3-amino-2-ethynylpropionate 
hydrochloride (0.5 g) , ( R ) -1- [ 3- ( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl ] -3-piperidinecarboxylic acid (1,04 g) 
and l-hydroxybenztriazole (0-38 g) in N,N- 
dimethylformamide ( 5 ml ) was added l-ethyl-3- ( 3- 
dime thylaminopropyl ) carbodiimide (0.51 ml ) under stirring 
at 0°C. After stirring at ambient temperature overnight, 
the mixture was poured into water and extracted with ethyl 
acetate. The extract was washed with water, brine and 
dried over MgS04 , dnd evaporated in vacuo. The residue 
was purified by chromatography on silica gel eluting with 
CHCl3:MeOH = (100:1) to give N- [ ( R ) -l-{ 3- ( 1-tert- 
butoxycarbony 1 - 4 -piperidy 1 ) propiony 1 > - 3 - 

piperidylcarbonyl]-3-ethynyl-^3-alanine ethyl ester as an 
oil (1.38 g) . 

IR (Film) : 3440, 3270, 2960, 2920, 2850, 1720, 
1710, 1640 cm-1 

NMR (CDCI3, 6) : 0.98-1.20 (IH, m) , 1.28 (3H, t, 

J=7.1Hz), 1.45 (9H, s), 1.45-1.78 (8H, m) , 1.89- 
2.07 (2H, m), 2.26-2.39 (4H, m) , 2.61-2.74 (4H, 
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m), 3.20-3.34 (2H, m), 3.53-3.69 and 3.82-3.97 
(total IH, m), 4.02-4.50 (5H, m ) , 5 . 03-5 , 18 (IH, 
m), 6.80-6.90 and 7.06-7.16 (total IH, m) 
Mass (m/z) : 492 (M"^+l) 

The following compounds were obtained according to a 
similar manner to that of Example 1 (1) . 

( 2 ) ( 3R ) -N- [ ( R ) -1- ^ 3_ ( l-tert-butoxycarbonyl-4- 

piperidyl)propionyl}-3-piperidylcarbonyl]-3-methyl-P- 
alanine methyl ester 

IR (Film) : 3350, 2980, 2930, 2860, 1710, 1620 cm"! 

NMR (CDCI3, 5) : 1.02-1.15 (2H, m) , i:22 (3H, d, 

J=6.8H2), 1.45 (9H, s), 1.34-1.79 (9H, m) , 1.99- 
2.16 (IH, m), 2.05-2.73 (7H, m), 3.18-3,58 (2H, 
m), 3.67-3.70 (3H, m) , 3.85-4.14 (3H, m) , 4.29- 
4.49 (IH, m), 6.32-6.43 and 6.69-6.79 (total IH, 
m) 

Mass (m/z) : 468 (M"^+l) 

(3) N-[(R)-i_{3_( l-tert-butoxycarbonyl-4-piperidyl ) - 
propionyl>-3-piperidylcarbonyl]-3-alanine ethyl ester 
IR (Film) : 3420, 3300, 2920, 2850, 1725, 1665, 

1630 cm-1 

NMR (CDCI3, 6), : 1.00-1.21 (2H, m), 1.27 (3H, t, 

J=7.1H2), 1.45 (9H, s), 1.52-1.77 (7H, m) , 1.83- 
2.09 (2H, m), 2.17-2.39 (3H, m) , 2.48-2.73 (4H, 
m), 3,16-3.68 and 3.83-3.96 (total 5H, m) , 4.02- 
4.25 and 4.36-4.99 (total 3H, m) , 4,16 (2H, q, 
J=7.2H2)/ 6.23-6.26 and 6,55-6.66 (total IH, m) 

Mass (m/z) : 468 (M'^+1) 

(4) N-[l-{2-(l -ben2yloxycarbonyl-4 -piperidyloxy ) acetyl > - 
3-piperidylcarbonyl]-p-alanine methyl ester 

IR (Film) : 3320, 3000, 2940, 2860, 1730, 1640 cm"! 
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NMR (CDCI3, 6) : 1.40-2.01 (9H, m), 2.21-2.36 (IH, 
m), 2.53 (2H, J = 5.9Hz), 3.13-3.34 (3H, m) , 

3.48-3.61 (3H, m ) , 3.70 (3H, s), 3.97-4.00 (3H, 
m), 4.11-4.41 (3H, m) , 5.12 (2H, s), 6.20-6.30 
5 and 6.42-6.51 (total IH, m) , 7.30-7.37 ( 5H, m) 

Mass (m/z) : 490 (M'^-^l) 

( 5 ) N-[ (R)-i-{3-( l-tert-butoxycarbonyl-4-piperidyl)- 
proipionyl } -3-piperidylcarbonyl ] -3 ( S ) - ( 4- 
10 methoxyphenethyl ) aminocarbonyl-P-aianine benzyl ester 

mp : 143°C 

IR (Nujol) : 3280, 1735, 1680, 1635 cm~^ 
NMR (CDCI3, 6) : 0.98-1.26 (3H, m) , 1.34-1.84 (gH, 
m), 1.45 (9H, s), 2.19-2.36 (3H, m), 2.52-2.82 
15 (6H, lu), 3.01-3.28 (IH, m) , 3.39-3.64 ( 3H, m ) , 

3.78 (3H, s), 4.01-4.44 (3H, m), 4.76-4.86 ( IH, 
m), 5.17 (2H, s), 5.64-5.72 (1/3H, m) , 6,00-6.07 
(2/3H, m), 6.83 (2H, d, J=8.6Hz), 6.86-7.20 (3H, 
m), 7.34 (5H, s) 
20 Mass (m/z) : 607 {M'*'+l-Boc) 

(6) N-[(R)-l-{3-( l-tert-butoxycarbonyl-4-piperidyl ) - 
propionyl} -3-piperidylcarbonyl ] -3 ( R ) -phenethyl-p- 
alanine ethyl ester 
25 IR (Film) : /3450, 3310, 2980, 2930, 2860, 1720, 

1640 cm-^ 

NMR (CDCI3, 5) : 1.01-1.20 (2H, m), 1.22-1.30 (3H, 
m), 1.45 (9H, s), 1.45-2.05 (13H, m) , 2.28-2.72 
(8H, m), 3.16-3.59 (2H, m) , 3.91-4.48 (4H, m) , 
30 4.11 (2H, q, J=7.1Hz), 6.40 (1/3H, d, J=9.0Hz), 

6.76 (2/3H, d, J=8.8Hz), 7.16-7.31 (5H, m) 
Mass (m/z) : 572 (M'^+1) 

(7 ) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 
3 5 piperidyl )propionyl} -3-piperidylcarbonyl ] -p-alanine 
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benzyl ester 

IR (Film) : 2910, 2840, 1720, 1630 cm-^ 

NMR (CDCI3, 6) : 1.01-1.22 {3H, m) , 1.45 (9H, s), 

1.33-2.00 ( 6H, m), 2.18-2.35 (3H, m) , 2,54-2.73 
(5H, m), 3.15-3.32 (2H, m) , 3.45-3 . 65 ( 3H, m) , 
3.81-3.95 {1/2H, m) , 4.02-4.19 (3H, m) , 4.35- 
4.49 (1/2H, m), 5.14 (2H, s), 6.12-6.25 (1/3H, 
m), 6.54-6.63 (2/3H, m) , 7.36 (5H, s) 
Mass (m/z) : 530 (M"^-h1) 

< 8 ) N-[ (R) -l-{3-( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl } -3-piperidylcarbonyl ] -^i-alanine 
1-cyclohexyloxycarbonyloxy) ethyl ester 
IR (Film) : 2920, 2850, 1740, 1630 cm-^ 

NMR (DMSO-dg, S) : 1.00-1.83 (13H, m) , 1.45 (9H, s), 
1.53 (3H, d, J=5.5Hz), 1.89-2.08 (5H, m) , 2.02- 

2.44 (4H, m), 2.52-2.73 (5H, m) , 3.11-3.29 (2H, 
m) , 3.39-3.72 (3H, m) , 3.88-4.31 (4H, m) , 3.87- 
4.48 (IH, m), 6.30-6.40 (1/3H, m) , 6.60-6.69 
(2/3H, m), 6.72-6.77 (IH, m) 

Mass (m/z) : 610 (M'*'+l) 

(9 ) N-[ (R)-l-{3-(l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl}-3-piperidylcarbonyl ] -3 ( S ) - 
phenylsulf onyimethyl-^S-alanine tert-butyl ester 
IR (Film) : 3300, 1720, 1660, 1620 cm"^ 
NMR (CDCI3, 5) : 1.08-1.14 (2H, m) , 1.42 (9H, s), 

1.45 (9H, s), 1.52-1.87 (8H, m) , 2.20-2.36 (3H, 
m), 2.67-2.72 (4H, m), 3.27-3.38 (3H, m) , 3.60- 
3.70 (2h/ m), 3.86-4.15 (3H, m), 4.48-4.60 (2H, 
m), 7.58-7.62 (3H, m) , 7.90-7.94 (2H, m) 

Mass (m/z) :. 650 (M'^+l) 

( 10 ) N-[ (R)-i-{3-( i-tert-butoxycarbonyl-4- 

piperidyl ) propionyl} -3-piperidylcarbonyl ] -3 (S ) -(n- 
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butanesulf onylaminomethyl ) -P-aianine tert-butyl ester 
IR (Film) : 3280, 1720, 1650, 1620 cm'^ 
NMR (CDCI3, 6) : 0.95 ( 3H, t, J=7 . 2Hz ) , 1.18-1.20 
(2H, m), 1.45 (18H, s), 1.50-2.10 {15H, m) , 
2.36-2.40 {3H, m) , 2.48-2.72 ( 4H, m) , 2.89-3.05 
(3H, m), 3.28-3.35 {2H, m), 3.42-3.55 (IH, m) , 
3 . 98-4.24 ( 3H, m) , 4.90-5.10 (IH, m) 
Mass (m/z) : 645 (M"^!) 

/ 

( 11 ) N-(R)-l-{3-( l-tert-butoxycarbonyl-4-piperidyl)- 
propionyl).-3-piperidylcarbonyl]-3 (R)-( 4- 
methoxyphenethyl ) -/3-alanine methyl ester 

IR (Film) : 2930, 2860, 1730, 1630 cm'^ 

NMR (CDCI3, S) : 1.02-1.21 (2H, m), 1.45 (9H, s), 

1 . 53-1.89 (lOH, m), 2.00-2.23 (IH, m) , 2.29-2.73 
(9H, m), 3.16-3.59 (3H, m) , 3.66 (3H, s), 3.78 
(3H, s), 3.91 (IH, dd, J=13.8 and 3 . 6Hz ) , 4.08 
(2H, d, J=12.7Hz), 4.23-4.37 (IH, m), 6.72-6.80 
(IH, m), 6.82 (2H, d, J-8 . 6Hz ) , 7.09 (2H, d, 
J=8.6H2) 
Mass (m/z) : 588 (M'^+1) 

( 12 ) Ethyl [N-[ (R) -l-{3- ( l-tert-butoxycarbonyl-4- 
piperidyl )propionyl >-3-piperidylcarbonyl ] -2- 
piperidyl ] acetate 

IR (Film) : 2980, 2930,. 2860, 1720, 1675, 1625 cm"! 

NMR (CDCI3, 6) : 1.00-1.30 (4H, m) , 1.45 (9H, s), 
1 .53-1-.87 (14H, m), 2.31-3.28 (IIH, m) , 
3.61-3.89 (2H, m) , 4.03-4.16 (4H, m), 4.50-4.69 
(2H, m), 4.69-4.75 (1/3H, m) , 5.13-5.28 (2/3H, 
m) 

Mass (m/z) : 522 (M'^+1) 

( 13 ) N-[ 4- { 3- ( l-tert-butoxycarbonyl-4-piperidyl ) - 
propionyl>-2-morpholinylcarbonyl ] -^3-alanine ethyl 
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ester 

IR (Film) : 2910, 2850, 1720, 1600 cm-1 
NMR (CDCI3, 6) : 1.01-1.21 (IH, m), 1.28 (3H, t, 
J=7.1H2), 1.45 (9H, m), 1.45-1.73 (6H, m), 
2.30-2.47 (2H, m) , 2.52-2.93 (5H, m), 3.04-3.16 
(IH, m), 3.49-3.62 (3H, m) , 3.86-4.38 ( 6H, m) , 
4.18 (2H, q, J-7.2HZ), 7.09-7.19 (IH, m) 
Mass (m/z) : 470 (M'^+1) 

g 14 ) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 

rq piperidyl ) propionyl > -3-piperidylcarbonyl ] -3 -phenyl -^3- 

alanine methyl ester 

IR (Film) : 2940, 2860, 1735, 1630 cm"! 
ry NMR (CDCI3, 5) : 0,99-1.24 (2H, m), 1.45 (9H, s), 

1.45-1.89 (9H, m), 2.00-2.16 (IH, m) , 2.25-2.44 
(3H, m), 2.61-2.96 (4H, m) , 3.19-3.55 (2H, m) , 
3.55 (3H, s), 3.62-4.48 (4H, m), 5.37-5.47 (IH, 
m), 7.28-7.35 (5H, m) 
Mass (m/z) : 530 (M'^+l) 
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( 15 ) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl } - 3-piperidy Icarbonyl ]-3(R)-(. 3,4- 
dimethoxyphenethyl ) -^-alanine methyl ester 
IR (Film) : 3290, 2980, 2925, 2850, 1720, 1650, 
1620 cm^l 

NMR (CDCI3, 6) : 1.02-1.23 (3H, m) , 1.45 (9H, s), 

1.45-1.94 (9H, m), 2.03-2.73 (llH,.m), 3.18-3.67 
(3H, m), 3.66 (3H, s), 3.85 (3H, s), 3.88 (3H, 
s), 3.92-4.11 (2H, m), 4.23-4.47 (IH, m) , 6.69- 
6.81 (4H, m) 

Mass (m/z) : 618 (M"*"+l) 

( 16 ) N-[ (R)-l-{3-(l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidylcarbonyl ] -3 ( S ) - 
hydroxymethyl- (3 -alanine tert-butyl ester 
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^ (COCI3, S) : 1.08-1.18 (3H, n.), I.45 (18H, s) 

1-55-1.99 (8H, m), 2.32-2 .35 ( 3h, n,) , 2.50-2.73 
(4H, m), 3.00-3.33 ( 2H, m) , 3.52-3.52 (IH, m) 
3-69 (3H, t, J=5.2H2), 4.04-4.20 (4H, m) ,' 6 92 
and 7.27 (total IH, br) 

(17) N-[(R)-i_{3_(i_ tert -bu t oxycarbonyl - 4 - 

piperidyl ) propionyl > -3 -piperidylcarbonyl ] -3 ( R ) - ( 3 
inethoxyphenethyl)-(3-alanine methyl ester 
IR (Film) .. 3280, 1640, 1420, 1240, 1150, 850, 740, 
680 cm-l 

• ^ (DMSO-dg, 5) 0.80-1.15 (6H, .) , ..38 (9H, s), 

1-50-1.96 (6H, m), 2.02-3.10 (16H, xn) , 3.55 ( 3H, 
s). 3.72 (3H, s), 3.95 (2H, m) , 4.08-4.22 ( IH 

5.73 (3H, m), 7.17 (IH, ru), 7.84 (IH, m) , ' 
8-31 (IH, s) ^ ' )' 

Kass (m/z) : 588 (m-^+i) 

(18) N-[(R)-i-{3_(i_tg^^_j^^^^^y^^^j^^^^^_^_ 

piperidyl ) propionyl > -3-piperidylcarbonyl ] -3 ( R ) - r 2 - ( 3- 

indolyl)ethyl]-p_aianine methyl ester 

IR (Film) : 3450, 1710, 1660, 1610 cm"! 

^ (CDCI3, 5) : 1.08-1.14 (IH, m), 1.42 (9H, s, 

1-45-2.24 (18H, m) , 2.34-2.79 (7H, m), 3.35-3.50 
(IH, m), 3.64 and 3.68 (total ih, s), 3.91-4 11 
(2H, m), 4:37 (IH, br), 6.67-6.71 (IH, m) , 7.01 
(IH, s), 7.04-7.26 (2H, m), 7.32-7.37 (IH, m) , 
7.56-7.60 (IH, m), 8.14-8.20 (IH, m) 
Mass (m/z) : 597 (M++1) 

(19) N- [ ( R ) _ 1. { 3 _ ( 1 - tert-butoxycarbony 1 -4 - 

piperidyl ) propionyl } - 3 -piperidylcarbonyl ] - 3 ( R ) - ( 3 - 
trifluoromethylphenethyl)-)3-alanine methyl ester 
IR (Film) : 2980, 2925, 2860, 1720, 1645 cm-1 
^ (CDCI3, S) : 1.00-1.21 (2H, m) , 1.45 (9H, s). 
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(9H, .,, 3.39-3.50 (IH, m), 3.63-3.69 ,,„ „, 

..0-3 „. 4.03-,.,, 



m), 7.35-7.43 (4H, m) 
Mass (m/z) : 62S (M++1) 



(20) N- [ ( R ) -1 - { 3 - ( 1 -tert -butoxycarbonyl -4 

P^peridyl ) propionyl } -3-piporxclylcarbonyl ] -3 ( R ) ,2 
methcxyphenethyl)-e-alanine methyl estL 
. IR (Fxln.) : 2990, 2930, 2860, 1725, 1660 I62n -1 
-(COCI3 : ^.00-1.21 ,2H,.,;."°', °-^ 

SH "^^-"^^ "')^-4S-;.66 

{3H, s), 3.85-4.50 ( 4K, n,) , 6.23-6.35 f iR n,. 

III' ^' 

Mass (m/z) : 5gg (^++1) 

(21) N-[(R)-l-{3-(l-terl:-butoxycarbonyl-4- 

P.peridyl ) propionyl) -3-piperidylcarbonyl ] -3 ( R ) - . 3 4 
.etylenecioxyphenethyl) -.-alanine .Jj J^JJ'''- 
IR (Fxlm) : 2980, 2925, 2860, 1725, 1630 cm-l 

-(C0C.3 s) 1.00-1.21 (2H, .);..::;:„, 

3-91 (IH, dd, J=13.7 and 3 . 5Hz ) , 4.02-4 15 f 2H 

4.20-4.34 (IH, .),5.S1 ( 2H, s ) , 6 . 59-6 ! 7"' 
(^H, m), 5.79 (IH, d, J=8.7Hz) 
Mass (m/z) : 602 (M++i) 

(22) N- f ( R ) _ 1 _ { 3 _ ( 1 - tert-butoxycarbonyl -4 - 

(Film) : 3300, 1720, 1680, 1630, 1530 cm"! 
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NM« {CDCI3, S) : 1.03-1.21 (2H, n, ) , 1.26 (3H, t , 
J-7.2H2), 1.45 (9H, s), 1.52-2.05 (lOH, m) , 
2.33-2.41 (3H, m) , 2.55-2.73 ( 4H, m) , 3.27-3.54 
(2H, m), 4.07-4.18 (5H, m), 4.62-4.90 (IH, m) 
5-12-5.24 (2H, m) , 5.75-5.92 (IH, m) , 6.64-6 63 
5.88-6.92 (total IH, m) 

Mass (m/z) : 494 (m++i) 

(23) N-[ (R)-l_{3_(l_tert-butoxycarbonyl-4- 
piperidyl ) propionyl} -3-pipericiylcarbonyl ] -3 ( S ) - 
.ethynyl-p-alanine ethyl ester 

IR (Film) : 3250, 1730, 1670, 1630, 1610 cm-1 
NMR (CDCI3, 5) : 1.00-1.21 (2H, m), 1.28 (3H, t, 

J-7.2H2), 1.50 (9H, s), 1.52-2.03 (9H, m), 1.98 
(IH, s), 2. 28-2. 40 (4H, m ) , 2 . 6 2-2 . 7 3 (4H, m) , 
3.21-3.62 (2H, m) , 4.07-4.23 (5H, m) , 5.08-5.12 
(IH, m), 7.06 and 7.28 (total IH, br) 

(24) N-[ (R)-l-{3-(l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl } - 3-piperidylcarbonyl ] -3 ( S ) - 
propargylaminocarbonyl-J3-alanine benzyl ester 

IR (Film) : 3020, 2910, 2840, 1720, 1640, 1620 cm-1 
NMR (CDCI3, 6) : 0.98-1.19 (2H, n,), 1.45 (9H, s), 

1.51-1.71 (7H, m), 1.84-2.04 ( 2H, m) , 2.20-2.40 
(4H, m), 2.6^-3.10 (5H, m) , 3.16-3.36 (2H, m) , 
3.54-3.91 (IH, m), 3.97-4.44 ( 5H, m) , 4.79 (IH, 
q, J=6.4H2), 5.14 (2H, s), 6.81-6.89 (IH, m) , 
7-35 (5H, s) 
Mass (m/z) : gll (M++1) 

( 25 ) N-[ l_{3_( i_tert-butoxycarbonyl-4- 

piperidyl ) propionyl > - 3-pyrrolidinylcarbonyl ] -3 ( S ) - 
ethynyl-p-alanine ethyl ester 

IR (Film) : 3280, 1730, 1670, 1630, 1530 cm"! 

^ (CDCI3, S) : 1.8-1.18 (2H, m) , 1.26-1.33 (3H, t. 
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J=7.4Hz), 1.45 (9H, s), 1.59-1.69 ( 2H, m) , 1.64 
(3H, s), 2.09-2.31 (5H, m) , 2.61-2.96 (5H, m) , 
3.44-3.76 {4H, m) , 4.15-4.19 (2H, m ) , 4.22 (2H, 
q, J=7.4Hz), 5.05-5.12 (IH, m), 6.50-6.70 (IH, 
m) 

) N-[ (R) -.l-{3- ( l-tert-butoxycarbonyl-4- 

piperidyl )propionyl}-3-piperidylcarbonyl ]-2-methyl-P- 

alanine methyl ester 

IR (Film) : 3260, 1720 cm'^ 

NMR (CDCI3, 6) : 1.08-1.45 (4H, m), 1.52 (9H, s), 

1.60-1.63 (7H, m), 1.92-1.97 {2H,^m), 2.25-2.39 
(3H, m), 2.62-2.73 ( 3H, m), 3.24-3.56 ( 5H, m) , 
3.71 (3H, s), 3.56-3.70 (IH, m) , 4.05-4.11 (3H, 
m), 6.42-6.58 (IH, m) 

MasS' (m/z) : 468 (M'^+1) 

) N-[ ( S ) -l-{3- ( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl > -3 -piperidylcarbonyl ] -3-ethynyl- 
i^-alanine ethyl ester 

IR (Film) : 2980, 2930, 2860, 1730, 1640 cm"^ 
NMR (CDCI3, 6) : 1.01-1.21 (2H, m) , 1.28 ( 3H, t, 

J=7.1Hz), 1.45 (9H, s), 1.40-1.80 (7H, m) , 1.88- 
2.00 (2H, m), 2.28 (IH, d, J=2.4Hz), 2.32-2.45 
(3H, m), 2.61-2.74 (6H, m), 3.33 (IH, dd , J=13.6 
and 9.2Hz), 4.02-4.14 (3H, m) , 4.19 (2H, q, 
J=7.1Hz), 5.03-5.14 (IH, m) , 6.68-7.02 (IH, m) 
Mass (m/z) : 492 (M'^+l) 

) 4-[ 3-{ 3-( l-tert-butoxycarbonyl-4-piperidyl )propionyl- 
amino>-l-piperidyl] -4-oxo-butyric acid methyl ester 
IR (Film) : 2970, 2920, 2850, 1725, 1650, 1630 cm"^ 
NMR (CDCI3, 6) : 0.98-1.21 ( 2H, m) , 1.45 (9H, s), 

1.53-1 . 92 ( 9H, m), 2.23 (2H, q, J=7 . OHz ) , 2.36- 
2.99 (6H, m), 3.15-3.59 (3H, m) , 3.69 (3H, s). 



- 84 - 



3.74-3.92 (IH, m) , 4.00-4.13 (3H, m) , S.09 and 
6.24 (total IH, d, J=6.5 and 7.5H2) 
Mass (m/z) : 354 (M++I-B0C) 

( 29 ) 4-[ 3-{3-( l-tert-butoxycarbonyl-4- 

piperidyl ) propionylainino}piperidyl ] -4-oxo-2 ( S ) - 
benzyloxycarbonylaminobutyric acid tert-butyl ester 
IR (Film) : 2950, 2900, 2850, 1700, 1640 cm"! 
NMR (.CDCI3, 5) : 0.97-1.19 (2H, n.) , 1.43 ( 9H, s), 
(9H, s), 1.52-2.05 (9H, m) , 2.14-2.33 ( 2H 
ni), 2.45-2.74 (4H, m) , 2.88-3.58 (3H, m), 3.73^ 
4-48 (5H, m), 4.81-5.19 (3H, m) , 6.75-5.79 and 
6.76-6.82 (total IH, m) , 7.34 (5H, s) 
Mass (m/z) : 645 (M++1) 

(30) N-[ (R)-i_{3_(i_tert-butoxycarbonyl-4- 

piperidyl ) propionyl } - 3 -piperidylcarbonyl ] - 2 ( S ) - 
acetylamino-j3-alanine ethyl ester 
IR (Film) : 3300, 1730, 1660 cm"! 

^ (CDCI3, 6) : 1.08-1.13 (2H, m) , 1.28 (3H, t, 

J-7.1HZ), 1.45 (9H, s), 1.54-1.74 (lOH, m) , 2.06 
(3H, s), 2.25-2.47 (4H, m) , 2.62-2.74 (2H, m) , 
3.25-3.38 (2H, m) , 3.82-3.90 (IH, m) , 4.03-4.26 
(6H, m), 4.72-4.76 (IH, m) , 7.19-7.26 ( IH, m) 

Mass (m/z) : 525' (M++1) 

(31) Ethyl N-[(R)-i_{3_(i_tert-butoxycarbonyl-4- 

piperidyl)propionyl>-3-piperidylcarbonyl]-2-piperidyl 
carboxylate 

NMR (DMSO-dg, S) : 0.82-1.09 (2H, m) , 1.17 (3H, t, 
J-7.1HZ), 1.38 (9H, s), 1.31-1.99 (IIH, m) , 
2.25-2.39 (2H, m) , 2.53-3.14 (8H, m) , 3.32-4.08 
(6H, m), 4.03 (2H, q, J=7.1Hz), 4.16-4.37 ( 2H, 
m) 

Mass (m/z) : 508 (M++1) 
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(32) N-[(R)-l-^3_( 1 - tert-butoxycarbony 1 -4 - 

piperidyl ) propionyl > -3-piperidyicarbonyl ] -2-benzyi-^- 
alanine ethyl ester 

NMR (DMSO-dg, 6) : 0,84-1.21 (5H, m),.1.38 (9H, s), 
1 . 38-1.89 (UH/m), 2, 26-2.37 ( 2H, m), 2.52-3.29 
(9H, m), 3.68-4.08 (4H, m) , 4.13-4.41 ( IH, m) , 
7.14-7.31 (5H, m), 7.95-8.12 (IH, m) 

Mass (m/z) : 553 (iM**-+l) 

(33) N-[ (R)-l-{3_(x-tert-butoxycarbonyl-4- 

piperidyl )propionyl>-3-piperidylcarbonyl]-2-phenyl-^- 
alanine ethyl ester 

NMR (DMSO-dg, 6) : 0.85-1.07 ( 2H, m)/l.l4 ( 3H, t, 

J=7.1Hz), 1.38 (9H, s), 1.38-1.86 (9H, m) , 1.99- 
2.43 (3H, m), 2.51-3.08 (4H, m) , 3.33-4.34 (9H, 
m), 7.28-7.38 (5H, m) , 7.9,6-8.12 (IH, m) 

Mass (m/z) : 544 (M++1) 

Example 2 

(1) To a mixture of 2 ( S ) - ( tert-butoxycarbonyl ) amino-/3- 
alanine ethyl ester (2.89 g), ( R ) -1- [ 3- ( 1-benzyloxy- 
carbonyl-4-piperidyl)propionyl]-3-piperidinecarboxylic 
acid (5.02 g.) and 1-hydroxybenztriazole (1..69 g) in N,N- 
dimethylformamide (2.27 ml) under stirring at 0°C. After 
stirring at ambient temperature for overnight, the mixture 
was poured into water and extracted with ethyl acetate. 
The extract was washed with water, brine and dried over 
MgS04, and evaporated in vacuo. The residue was purified 
by chromatography on silica gel eluting with (CHCl3:MeOH = 
100:1) to give N- [ ( R ) -i-^ 3_ ( i_benzyloxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidylcarbonyl ] - 2 ( S ) - ( tert- 
butoxycarbonyl)amino-|5-alanine ethyl ester (6.0 g) . 
IR (Film) : 2970, 2930, 2850, 1720, 1680 cm~^ 
NMR (CDCI3, S) :. 1.04-1.34 (6H, m), 1.47 (9H, s), 

1.47-1.81 (9H, m), 2.18-2.49 (3H, m) , 2.70-2.82 
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(2H, m), 3.18-3.40 (2H, m) , 3.46-3.50 (2H, m) , 
3.91-4.25 {5H, m) , 4.33-4.45 (IH, m), 5.12 (2H, 
s), 5.85-5.96 and 7.09-7.17 (total IH, m) , 7.32- 
7-36 (5H, m) 
Mass (m/z) : 617 (M-^^^l) 

The following compounds were obtained according to a 
similar manner to that of Example 2 (l\ . 

( 2 ) N- [ 1- { 3 - ( 1 -benzyloxycarbonyl-4 -piperidyl ) propionyl } - 
■ 3-piperidylcarbonyl]-3-methyl-)3-alanine methyl ester 
IR (Film) : 3050, 2930, 2850, 1730, 1580, 1535 cm"! 
NMH (CDCI3, 6) : 1.02-1.30 (5H, m) , 1.40-2.59 (14H, 
m), 2.76 (2H, t, J=12.9H2), 3.19-3.58 (5+1/2H, 
m), 3.83-4.01 (1/2K, m) , 4.10-4.50 (4h, m) , 5^12 
(2h, s), 6.30-6.39 (1/3H, m-) , 6.50-5.54 (1/3H, 
n>), 5. 68-5.72 (1/3H, m) , 7.30-7.37 (5H, m) 
Mass (m/z) : 502 (M"^+l) 

(3) N-[ (R)-l-{2-(l-ben2yloxycarbonyl-4-piperidyloxy)- 
acetyl>-3-piperidylcarbonyl]-P-alanine ethyl ester 
IR (Film) : 3300, 2940, 2870, 1720, 1680, 1640 cm"! 
NMR (CDCI3, 5) : 1.27 (3H, t, J=7.1H2), 1.43-1.96 
(8H, m), 2.19-2.34 (IH, m) , 2.51 (2H, t, 
J=6.0Hz), '3.05-3.31. (4H, m), 3.47-3.53 (3H, m) , 
3.69-3.96 (3H, m) , 4.15 (2H, q, J=7.1H2)-, 4.17- 
4.37 (3H, m), 5.12 (2H, s), 6.30-6.38 (1/3H, m), 
6-51-6.59 (2/3H, m) , 7.30-7.37 ( 5H, m) 
Mass (m/z) : 504 (M++1) 

( 4 ) N-[ (R) - l-{2-( l-benzyloxycarbonyl-4-piperidyloxy) - 
acetyl >-3-piperidylcarbonyl ] -3-ethynyl-p-alanine 
ethyl ester 

IR (Film) : 2930, 2860, 1720, 1640 cm"! 

NMR (CDCI3, S) : 1.28 (3H, t, J=7.1Hz), 1.45-1.97 
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(8H, m), 2.23-2.38 (IH, m) , 2.27 (IH d 
J=1.5Hz), 2.70 (2H, t, J=5 . 7Hz ) , 3.i;-3:29 ( 4H 

3.54-3.S4 <.H, 3.75-4.04 (3H, ™, , , 

^•37 (5H, m), 5.03-5.12 (IH, nr) , 5.12 f 2H 
^-6^-5.97 (IH, 7.30-7.35 (5H, ™/ ' 

Mass (m/z) : 523 (m+^^j ^ 

(Film) ; 3305, 2940, 2860, 1720 lfif?n 1 

, ^' J=7-1H2), 1.41-1.68 

4H . X 7S-1.97 (4H, 2.19-2.34 (1h, / 

2.51 H, t, J=5.9Hz), 3.06-3.31 ( 4H, , 3 . 7- 
3- X (3H, 3.70-4.00 (3H, , 4.15 (2H, 

^4 -23- 
5H (2/3H, n,), 7.32-7.37 

Mass (m/2) : 504 (M++1) 

(6) N-[(H)-l-{3-(i-benzyloxycarbonyl-4- 

Piperidyl ) propionyl > -3 -piperidylcarbcnyl , -2 ( R ) - tert 
butoxycarbonyla.ino-P-alanine methyl ester 

(Film) = 3000, 2970, 2930, 2850, 1740, 1580 
1650, 1630 cm-l 
^ (CDCI3, S) i ..03-1.24 (2H, .), ,.44 (9H s, 

-3-2 05 (9H, m), 2.20-2.44 C3H, .),V;o!2:84 

4-47. (SH, m), 5.12 (2H, s), 5.51-5.67 ( IH m) 

-4-5 51 and 5.74-5:81 (total IH, .,,^";o:7:37 
\ Jn r m) 

Mass (m/2) : eQ3 (M-*"+l) 

■Examp 1 T 
(1) To a mixture of m r / -a - , 
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butoxycarbonyl-4-piperidyl) propionic acid (1,61 g) and 
1-hydroxybenztriazoie (0.96 g) in N , N-dimethylf ormamide 
(16 ml) was added l-ethyi-3- ( 3-dimethyiaminopropyl ) - 
carbodiimide (1.14 ml) under stirring at 0*='c. After 
stirring at ambient temperature for 1 hour, the mixture 
was poured into water and extracted with ethyl acetate. 
The extract was washed with water, brine and dried over 
MgS04, and evaporated in vacuo. The residue was purified 

0 by chromatography on silica gel eluting with (CHCl3:MeOH = 
Jji 100:1) to give N- [ 1- { 3- ( 1 -tert-butoxycarbonyl-4- 
m Piperidyl ) propionyl } -3-piperidylcarbonyl ] -0-alanine methyl 
yl ester as an oil (2.19 g). 

rii (Film) : 3410, 3280, 3070, 2910, 2850, 1725, 

^ 1680, 1630 cm-1 

P NMK (CDCI3, 6) : 1.03-1.21 (2H, m), 1.45 (9H, s), 

Jl] 1.45-2.05 (iOH, m), 2.23-2.39 (3H, m), 2.49-2.73 

1 3.18-3.64 (4H, m), 3.32 (3H, s), 3.81- 
P '^•23 and 4.36-4.49 (total 3H, m) , 6.23-6.35 and 

6.52-6.62 (total IH, m) 
Mass (m/z) : 454 (M"^+l) 

The following compounds were obtained according to a 
similar manner to that of Example 3 ( 1\ . 

^-[l-{3-(l-tert-butoxycarbonyl-4-piperidyl)-. 

propionyl>-4-piperidyicarbonyl]-;i-alanine methyl 
ester 

mp : 79°C 

IR (Nujol) : 3290, 3100, 1740, 1690, 1640, 1615 cm-^ 
NMR (CDCI3, 6) : 1.00-1.20 ( 2H, m) , 1.45 (9H, s), 

1.52-1.77 (7H, m), 1.77-1.92 (2H, m), 2.23-2.38 
(3H, m), 2.54 (2H, t, J=5 . 8H2 ) , 2.62-2.73 (3H, 
ni), 2.99-3.10 (IH, m), 3.52 (2H, q, J=5.8Hz), 
3.71 (3H, s), 3.82-3.95 (IH, m) , 4.02-4.15 (2H, 
m), 4.53-4.67 (IH, m) , 6.20-6.29 (IH, m) 
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Mass (m/z) : (m+^^j 

( 3 ) N-[ 2-[ 1-^ 3- ( l-tsrt-butoxycarbonyl-4-pipexidyl ) 

propionyl>-4-p,pe.i,yijacetyl]-,_alanine .ethyl este. 
IR (Fxlm) : 3300, 1730, 1660 cm"! 

(CDCI3, S) : 1.08-1.14 (4H, , ,.45 o„, 3), 

52-1.76 (9H, n.), 2.05-2.07 ( 2H, , 2.29-2.37. 
2H 2.52-2.73 (4H, m), 2.96-3.01 (ih, „,) , 

3-48-3.57 (2H, m) , 3.71 (3H, s), 3.78-3.82 ( IH 

4.04-4.08 (2H, 4.58-4.54 ( IH, n,) , 6.04- 

6-08 (IH, m) 
Mass (m/z) : 453 (M++1) ' ' 

( 4 ) N- [ 1- { 3- ( l-tert-butoxycarbonyl-4 -piperidyl ) - 

propionyl>-3-piperxdylcarbonyl]-N-inethyl-p-alanine 

methyl ester 

(Film) : 3450, 2900, 1720, 1670, 1650, 1620 cn,-l 
^ (COCI3, S) : 1.08-1.36 (2H, m) , 1.45 (9H, s) 

1-50-1.87 (lOH, lu), 2.36-2.45 ( 2H, m) , 2.53-2.72 
(6H, m), 2.91, 3.11 (total 3H, s), 3.60-3.70 
(3H, m), 3.80-3.88 (IH, m), 4.05-4.60 (2H, m) 
4.60-4.56 (IH, m) 
Mass (m/z) : 453 (M+) 



(5) N-[2-[l-{2-(l-tert-butoxycarbonyl-4-piperidyi)- 

acetyl>-3-piperidyl] acetyl ]-p-alanine methyl ester 
IR (Film) : 3300, 2920, 2850, 1730, 1630 cm-1 
^ (CDCI3, 6) : 1.03-1.30 (3H, m) , 1.30-2.11 (12H 

1-45 (9H, s), 2.13-2.19 (1/2H, m) , 2.25 ( 2H, 
d, J=6.5H2), 2.52-2.60 (2H, m), 2.64-2.81 
(2+1/2H, m), 3.05-3.15 (1/2H, m) , 3.23-3.35 
(1/2H, m), 3.48-3.57 (2+1/2H, m) , 3.70 (3H, d, 
J-1-5HZ), 4.31-4.44 (1/2H, m) , 5.07-6.17 (1/2H, 
"•)' 6.59-5.69 ( 1/2H, m) 
Mass (m/z) : 454 (m++1) 
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(6) "-f^-<4-(l-tert-butoxycarbonyl-4-piperidvllh . 

3-Pipe.i.ylca.bonyl,giycine .e.hyl ^^^^^^^^ > ^^^^^^ > " 
: 3280, 2910, 2650, 1740 cm"! 
: 0.99-1.3S (4H, ,.,3 

2H, n,), 3.44-3.55 (IH, n.) , 3.73 (3H si . ,1 
4.20 and 4.37-4.52 (total 7H, m, , 6 ^5 i ' 
6-96-7.04 (total IH, n.) ' ^-25-6. 35 and 

Mass (m/z) 454 (^++1) 

I« ("u:=l) , 3320, 1735, 16B0, 1630 c=»-l 

3. /HZ), 2.56 (2H, g, J=6.3Hz), 2 74- 

('*1«H, .,, 3.,„ ,3„_ 3.82-3.96 (1h, „, 

D-b:)-6.80 (total IH, m) 
Mass (m/z) : 453 (m++i ) 

^53 : = ^ ^-""-l-^l (2H, ,.45 (9H, s), 

4H . 3.04-3.44 (2H, , 3.60-3.95 (3H, .) , 
3-69 (3H, s), 4.03-4.11 (2H, 5.70-5.93 (IH, 

Mass (m/2) : 434 (M++1) 

( 9 ) l-< 3-( i-benzyloxycarbonyl-4-piperidyl , - 

propxonyl>_3-p.p..,,,,3,,,,^,j^^^^^^^ .ethyl este. 
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IR (Film) : 2920, 2850, 1740, 1575, 1515 cn.-l 

(COCI3, S) : ,.o._,.80 (lOH, ,.30-2.43 ( 6h 

« 2.63-2.88 (3H, n.,, 3.37-3.59 ( 2H, 3 75' 

(3H, s), 3.82-3.95 (1/2H, m) , 4.01-4.29 4h I 
---.2 (1/2H, .,,3.12 ,2H, s), 5.01-^1; 

rn), 5.99-7.08 (1/2H, ,.30-7.37 (5H, 

Mass (m/2) : 488 (m"-1) 

C^O) -C^-<3-(l-ben.yloxyca.bonyl-4-plperlciyl)p.opionyl>- 
• 3 -p.per.dyl J - 2 ( s ) - ( tert-butoxycarbonylan.iL ) ! 
succinamic acid ethyl ester 

XH^CFil.) = 3300, 2930, 2850, 1735, 1580, 1535 c.-l 
™« (CDCI3, S) : 1.01-1.27 (2H, , 1.27 (3H, t, 

2 40 (2H, 2.68-2.84 (4H, ra) , 2.96-3.17 ( IH 

3.35-3.53 (IH, , 362-4.23 (5H, , 4 . 21 ' 

(^^/ q, J=7.1H2), 4.43-4 54 /iw ^^ c 

-t.-to (IH, m), 5,12 ( 2H 

s), 5 58-5.74 (IH, .) , 5.83-5.95 (IH, , 7.3^- 

^•JV (5H, m) 
Mass (m/2) : . (^"^+1) 

(11) ^-f^-<3-(l-ben.yloxycarbcnyl-4-piperidyl)p..pio,^l,_ 
3-pxper.dyl ] -3 ( S ) - ( tert-butoxycaxbonyla.iL ) ! 
succxnamic acid methyl ester 

XH^(Fil.) .. 3000, 2940, 2860, 1720, 1580, 1540 c.-l 
^ (CDCI3.. S) : 1.03-1.24 (2H, , 1.46 (.9H, s), 

1.52-1.78 (liH, m), 2.30-2.40 (2H, n,) , 2.60-3.39 
(6H, m), 3.70 (3H, d, J=2.5Hz), 3.64-3.95 ( 2H 
n-)^ 4.11-4.23 (2H, m) , 4.38-4:49 (IH, , 5.1^ 
(2H s), 5.52-5.75 and 6.55-6.69 (total IH, n.) , 
7-35-7.37 (5H, m) 
Mass (m/z) : 503 (m++1) 

(12) "-fl-<3-(l-benzyloxycarbonyl-4-piperidyl)propionyl-3- 



- 92 - 



f=iO 



Q5 



^0 



25 



30 



35 



Piperidyl ] -3 ( R ) - ( tert:-but:oxycarbonylan.ino ) succinaxnic 
acid ethyl ester 

IR (Film) : 2960, 2910, 2840, 1710, 1680, 1660 
1640 citi-1 

NMR (CDCI3, 5) : 1.03-1.26 (3H, t, J=7 . IHz , , 1 45 
(9H, s), 1.46-1.93 {9H, m) , 2.35 ( 2H t 
J=7.9Hz), 2.59-3.52 (6H, , 3.65-3.98 ('3H, n.) 
4.14 (2H, q, J=7.1Hz), 4.09-4.20 (2H, m) 4 39! 
^^•49 (IH, m), 5.12 ( 2H, s), 5.62-5.76 (ih m) 
6-59-6.61 (IH, m), 7.29-7.37 (5H, m) 
Mass (m/z) : 617 (M++1) 

Example 4 

(1) A mixture of N-[ ( R) -3- ( l-benzyloxycarbonyl ) - 
P.peridylcarbonyl3-2(s)-benzoylan.ino-p-alanine ethyl ester 
( 230 n.g) and 10% Pd-C (50 mg, 50% wet, i. ethanol (5 .1) 
and tetrahydrofuran ( 3 n.1 ) was hydrogenated at at„,ospheric 
pressure for 1 hour. ;.f... catalyst was removed bT 

f.ltratxon, the filtrate was concentrated in vacuo The 

IcirM;.'"^'"'"""''"'^°"^""''°"^'-'-p"p"^^^^i)p-°pi-- 

acid (123 mg) and l-hydroxybenztriazole (65 mg) was 
dissolved in N, N-di.ethylf ormamide (5 „,!,, and l-ethyl-3- 
(3-dxmethylaininopropyl)carbodiimide (87 ^1) was added 
under stirring at 0=C. After stirring at anO^ient 
temperature for overnight, the mixture was poured. into 

r'^""'^"^ "'^^ was 
washed with water, brine and dried over Mgso., and 

evaporated in vacuo. The residue was purified by 
chromatography on silica gel eluting with (CHCl3:MeOH = 

:l) to give N- [ ( R) 3. ( i_tert-butoxycarbonyl-4- 
piperidyl ) propionyl > -3 -piperidylcarbonyl ] - 2 ( S ) - 
benzoylamino-p-alanine ethyl ester as an oil (213 mg) . 
IR (Film) : 2960, 2920, 2850, 1730, 1650 cm"! 
^ (CDCI3, S) : 0.85-1.33 (2H, m) , 1.29 (3H, t, - 

J-7.1HZ), 1.45 (9H, s), 1.45-2.12 ( 9H, m) , 2.20- 
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2.70 (7H, m), 3.14-3.79 (4H, m) , 3.97-4.30 (5h, 
m), 4.80-4.96 (IH, m), 7.39-7.48 ( 3H, m) , 7.51- 
7.60 (2/3H, m), 7.8-7,84 (1/3H, m ) , 7.96-8.04 
(2H, m) 
Mass (m/z) : 537 (M-^+l). 

The following compounds were obtained according to a 
similar manner to that of Example 4 (1) . ' 

(2) N-[ {R)-i-{3-(l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl } - 3 -piperidyicarbonyl ] - 2 ( S ) - ( n- 
butanesulfonylamino)-j3-alanine ethyl ester 
IR (Film) : 2910, 2850, 1720, 1630 cm-l 
NMR (CDCI3, 5) : 0.94 (3H, t, J=7 . 3H2 ) , 1.02-1.38 
(2H, m), 1.30 (3H, t, J=7.1H2), 1.45 (9H, s), 
1. 45-1.89 ( 13H, m), 1.27-2.51 (4H, m) , 2.61-2.73 
(2H, m), 2.97-3.05 (2H, m) , 3.25-3.40 (2H, m) , 
3.60-3.75 (IH, m), 4.01-4.30 (7H, m) , 6.18 (IH, 
J=8,9H2), 7.35-7.42 (IH, m) 
Mass (m/2) : 603 (M++1) 

(3) N-[ (R)-l_{3-(l_tert-butoxycarbonyi-4- 
piperidyl ) propionyl}-3-piperidylcarbonyl ] -2 ( S ) - 
phenylsulfonylamino-A-alanine ethyl ester 
IR (Film) : 340p, 1720, 1645, 1620 cm-l 
NMR (CDCI3, 6) : 1.14 (2H, t, J=7 . iHz ) , 1-.0&-1.17 

(3H, m), 1.46 (9H, s), 1.46-1,77 ( 9H, m) , 2.24-, 
2.50 .(4H, m), 2.56-2 .78 ( 2H, m) 3.17-3.34 {2H, 
m), 3.58-3.73 (IH, m), 3.87-4.23 (7H, m) , 6.48 
(IH, d, J=9.3Hz), 7.19-7.27 (IH, m) , 7.45-7.55 
(3H, m), 7.81-7.88 (2H, m) 
Mass (m/2) : 623 (M'^+l) 

Example 5 

To a solution of 3- ( l-ben2yloxycarbonyl-4- 
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Piperidyl, propionic acid (0.18 g) in N,N-dirnethylf cr:nan.ide 
(3 ml) was added N-methyimorpholine (Q.og mi) and 
isobutylchloroformate ( 0. 1 ml ) under stirring at -i5=c 
After stirring at -is^C for 2 hours, N-[(i,2,3,4_ 
tetrahydro-3-quinolyl)carbonyl]-0-alanine ethyl ester 
(0.22 g) and N-methylmorpholine (0.12 ml) in 
tetrahydrofuran ( 2 ml) vas added. After stirring at 0<=C 
for 2 hours and ambient temperature for overnight the 
mixture was poured into water, and extracted with'ethyl 
acetate. The extract was washed with 5% KHSO4 aqueous 
solution saturated NaHCOj aqueous solution and brine, and 
dried over MgS04, and evaporated in vacuo. The residue 
was purified by chromatography on silica gel eluting with 
(CHCl3:MeOH = 100:1) to give N-[ 1- { 3- ( 1-ben.yloxycarbonyl- 
4 -piperidyl ) propionyl } - 1 , 2 , 3 , 4 -tetrahydro- 3 - 
quinolylcarbonyl]-p_alanine ethyl ester as an oil (O 18 

g) • ■ 

NMR (CDCI3, 5) : 1.01-1.14 (2H, m) , 1.27 (3H, t, 

J-7-1H2), 1.54-1.65 (4H, m), 2.48-2.56 (4H, m) , 
2.65-2.83 (3H, m), 2.95-3.07 (2H, m) , 3.53 (2H, 
q, J-6.0HZ), 3.72-3.87 (IH, m) , 4.05-4.21 (4H, 
m), 4.16 (2H, q, J=7.2Hz), 5.10 (2H, s), 6.60- 
6-67 (IH, m), 7.00-7.36 (9H, m) 

Mass (m/z) : 550 (M++1) 

A solution of N-f luorenylmethoxycarbonyl-3-ainino- 
3(S)-cyanopropionic acid tert-butyl ester (0.3 g) m 
diethylamine ( 5 ml ) was stirred for 1 hour, and 
concentrated in vacuo. The residue was purified by column 
chromatography on silica gel eluting with (CHCljtMeOH = 
100:3) to give an oil. To a mixture of 212 mg of this 
Oil, (R)-l-[3-( tert-butoxycarbonyl ) -4- 

piperidyl) propionyl ]-3-piperidine]carboxylic acid (571 mg) 
1-hydroxybenztriazole (209 mg) in N, N-dimethylf ormamide (4 



- 95 - 



So 



€5 



20 



25 



30 



35 



ml) and l-ethyl-3- ( 3-dimet:hylan.inopropyl ) carbodiimide (283 
Hi) were added under stirring at 0=C. After stirring at 
ambient temperature for overnight, the mixture was poured 
into water and extracted with ethyl acetate . The extract 
was washed with water, brine and dried over MgSO. and 
evaporated in vacuo. The residue was purified by' 
chromatography on silica gel eluting with (CHCl3:MeOH = 
100:1) to give N- [ ( R ) -1- { 3- ( l-tert-butoxycarbonyl-4_ 
piperidyl ) propionyl } -3-piperidylcarbonyl ] -3 ( S ) -cyano-P- 
alanine tert-butyl ester (0.4 g) . 

IR (Film) : 2980, 2930, 2860, 2250, 1720, 1640 cm"! 
NMR (CDCI3, S) : 1.05-1.25 ( 2H, m) , 1.4 5 (9H, s), 

1-49 (9H, s), 1.54-2.09 (lOH, m) , 2.32-2.39 (3H, 
m), 2.61-2.79 (2H, m) , 2.74 (2H, d, J=5.6H2), 
3.23-3.62 (3H, m) , 4.00-4.14 (2H, m) , 5.12-5.22 
(IH, m), 7.51 (Ih, d, J=8.4Hz) 
Mass (m/z) : 521 (M++1) 

Example 7 

(1) To a solution of N- [ (R) -i-{ 3- ( l-benzyloxycarbonyl-4- 
piperidyl ) propionyl } -3-piperidylcarbonyl ] -2 ( S ) - ( tert- 
butoxycarbonyl)amino-3-alanine ethyl ester (5.98 g) in 
ethyl acetate (60 ml) was added a solution of 4N HCl in 
ethyl acetate (24.2 ml) under stirring at O^C. After 
stirring at ambient 'temperature for 2 hours , the resulting 
precipitates were collected by filtration to give N-[(R)- 
l - { 3 - ( 1 -benzyloxycarbony 1 -4 -piperidyl ) propionyl } -3 - 

piperidylcarbonyl]-2(S)-amino-;3-alanine ethyl ester 
hydrochloride (3.41 g ) . 

IR (Nujol) : 1745, 1695, 1650 cm-1 

NMR (DMSO-dg, S) : 0.89-1.10 (2H, m), 1.19-1.91 

{13H, m), 2.11-2.43 (3H, m) , 2.57-3.17 (4H, m), 

3.46-4.38 (4H, m) , 5.06 (7H, s), 7.28-7.42 (SH, 
m) 

Mass (m/z) : 517 (M++1) free of compound 
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The following compounds were obtained according to a 
similar manner to that of Example 7 ri ^ . 

(2) N-[l-{3-(l--ben2yloxycarbonyl-4-piperidyl)propionyl-3- 
piperidyl]-2(S)-aminosuccinamic acid ethyl ester 
hydrochloride 

IR (Nujoi) : 1730, 1640 cm"! 

NMR (DMSO-dg, 8) : 1.17 ( 3H, t, J=7.lHz), 1.33-1.51 
{6H, m), 1.50-1.84 (5H, m) , 2.22-2.37 ( 2H, m) , 
2,69-3.06 (7H, m) , 3.51-3.87 (2H, m) , 3,94-4.05 
(IH, m), 4.12-4.29 (4H, m) , 5.06 ( 2H, s), 7,30- 
7.42 (5H, m) , 8,27-8.43 (IH, m) ■ 

iMass (m/2) : 517 (M++l),free of compound 

(3) N-[ (R)-l-{3-(l-ben2yloxycarbonyl-4- 
piperidy 1 ) propiony 1 > - 3 -piperidy Icarbony 1 ] - 2 ( R ) -amino- 
P-alanine methyl ester hydrochloride 
IR (Nujol) : 1740, 1640 cm"! 

NMR (DMSO-dg, 6) : 0.90-1.09 { 2H, m) , 1.21-1.91 

(13H, m), 2.11-2.43 (4H, m) , 2.61-3,17 (6H, m) , 
3.45-4.46 (5H, m) , 5.06 (2H, s), 7.30-7.42 (5H, 
m)/ 8.38-8.59 (IH, m) 

Mass (m/2) : 503 (M++1) free of compound 

( 4 ) NtC l-{3-( l-benzyloxycarbonyl-4-piperidyl ) -pr.opionyl}- 
3-piperidyl]-3(S)-aminosuccinamic acid methyl ester 
hydrochloride 
mp : 7 5*^0 

IR (Nujol) : 1725, 1670, 1540, 1600 cm"! 

NMR (DMSO-dg, 6) : 0.90-1.09 (2H, m) , 1.31-1.88 

(IIH, m), 2. 20-2 ,38 (2H, m) , 2.60-3.25 (7H, m) , 
3,49-3.74 (2H,"m), 3.51-4,09 (4H, m) , 5.06 (2H, 
s), 7.35 (5H, s), 8.66-8.84 (IH, m) 

Mass (m/2) : 503 (M++1) free of compound 



(5) N-[l-{3-(l -ben2yloxycarbonyl-4 -piperidy i ) propionyi > - 
3-pxperidyl ] -3 (R) -aminosuccinamic acid ethyl ester 
hydrochloride 

IR (KBr, pellet) : 2939, 2864, 1732, 1684, 1616 cm"!- 
NMR (DMSO-dg, S) : 0.90-1.09 (2H, m) , 1.20 (3H, t, ' 
J=7.0Hz), 1.37-1.53 ( 6H, m) , 1.60-1.86 (4h! mj , 
2.20-2.39 ( 2H, m) , 2.60-3.26 ( 6H, m) , 3,51-3.73 
(2H, m), 3.88-4.28 {3H, m) , 4,09 (2H, q, 
J=7.0Hz), 5.06 (2H, s), 7.30-7.42 (5H, m) , 8.64- 
8.75 (IH, m) 
Mass (m/z) : 517 (H^^l) free of compound 

Example 8 

(1) To a solution of N- [ (R) -1- { 3- ( l-benzyloxycarbonyl-4- 
piperidy 1 ) propionyi } - 3 -piperidylcarbonyi } -2 ( S ) -amino-fi- 
alanine ethyl ester hydrochloride (270 mg) in 
dichloromethane ( 4 ml ) was added triethylamine (150 nl) 
and acetyl chloride (38 ^1] under stirring at O^C. After 
stirring at ajtibient temperature for 2 hoursV the mixture 
was poured into water and extracted with dichloromethane. 
The extract was washed with water, saturated NaHC03 
aqueous solution, water and brine, and dried over MgS04 , 
and evaporated in vacuo. The residue was purified by 
column chromatography on silica gel eluting with 
(CHCl3:MeOH = IQO:!^') to give N- [ ( R ) -1- ^ 3- ( l-benzyloxy- 
carbonyl-4 -piperidyl ) propionyi } -3 -piperidylcarbonyi ] -2 ( S ) - 
acetylamino-f3-alanine ethyl ester as an oil (130 mg). 
IR (Film) : 3290, 3060, 3000, 2930, 2850, 1725, 

1675, 1640 cm-1 
NMR (CDCI3, S) : 1.06-1.34 (2H, m),i.27 (3H, t, 
J=7.1Hz), 1.41-1.76 (lOH, m) , 2.09 ( 3H, s), 
2.31-2.50 (3H, m), 2.70-2.83 ( 2H, m) , 3.16-3.31 
(3H, m), 3.64-3.74 (IH, m) , 4.05-4.34 (6H, m) , 
4.70-4.80 (IH, m), 5.12 (2H, m), 7,05-7.22 (IH, 
m) , 7.26-7 .37 (5H, m) 
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Mass (m/z) : 559 (m++i) 

The following compounds were obtained according to a 
similar manner to that of Example 8 ( 1) . 

(2) N-[(R)-l-{3-(l -benzyloxycarbonyl -4 -piperidyl ) - 

propionyl } -3-piperidylcarbonyl ] -2 ( S ) -n-hexanoylamino- 
i3-alanine ethyl ester 

IR (Film) : 3000, 2940, 2870, 1735, 1655, 1640 cm"! 
. NMR (CDCI3, 5) : 0.89 (3H, t, J=7 . IHz ) , 1.12-1.38 

(12H, m), 1.51-1.75 (7H, m) , 2.24-2.51 (5H, m) , 
2.70-2.84 (2H, m) , . 3 . 25-3 . 70 (7H, m) , 4.05-4.25 
(5H, m), 4.69-4.80 ( IH, m) , 5.12 (2H, s), 7.03- 
7.15 (IH, m), 7.30-7.38 (5H, ra) 
Mass (m/z) : 615 (M'^+l) 

(3) N-[ (R)-i-{3_(i_5en2yiojjy^3j.f3Qj^y^_^_ 

piperidyl ) propionyl > -3 -piperidylcarbonyl ] - 2 ( S ) - ( 4 - 
chlorobenzoylamino)-p-alanine ethyl ester 
IR (Film) : 3000, 2930, 2850, 1740, 1680, 1650, 
1500 

NMR (CDCI3, 5) : 0.89-1.13 (2H, m) , 1.29 (3H, t, 

J-7-1HZ), 1.29-1.80 (IIH, m), 2.20-2.55 (3H, m) , 
2.65-2.80 (2H, m), 3.12-3.28 (2H, m) , 3.32-3.42 
(IH, m), 3.61-3.79 (IH, m), 4.07-4.42 (5H, m) , 
4.90-4.98 (IH, m), 5.12 (2H, s), 7.35-7.43 (6H, 
m). 7.41 (2H, d, J=8..6Hz), 8.00 (2H, d, J=8 . 6Hz ) 

Mass (m/z) : 655 (M'^+l) 

(4) N-[ {R)-l-{3-(l-benzyloxycarbonyl-4- 

piperidyl ) propionyl } - 3 -piperidylcarbonyl ] - 2 ( S ) -4 - 
methoxybenzoylamino-p-alanine ethyl ester 
IR (Film) : 2920, 1730, 1685, 1630, 1600 cm"! 
NMR (CDCI3, 5) : 0.84-1.80 (13H, m) , 1.29 (3H, t, 

J-7.1HZ), 2.26-2.56 (3H, m) , 2.64-2.80 ( 2H, m) , 
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3.15-3.86 (3H, m), 3.83 (3H, s), 4.05-4.38 and 
5.87-S.97 (total 5H, m) , 5.11 (2H, s), 5.92 (2h, 
d, J=8.3Hz), 7.33-7.45 (SH, m) , 7.75-7.81 (IH, 
m), 8.00 {2H, d, J=8.8Hz) 
Mass (m/z) : 651 (m+h-I) 

( 5 ) N- [ 1 - { 3 - ( 1 -benzyloxycarbonyl - 4 -piperidyl ) propionyl > - 

3-piperidyl]-2(S)-benzoylaminosuccinamic acid ethyl 
ester 

IR (Film) : 2920, 1730, 1680, 1540 cm"! 
• NMR (CDCI3, 5) : 1.03-1.33 (3H, m ) , 1.29 (3H, t, 

J=7-lHz), 1.38-1.97 (8H, m) , 2.22-2.40 (2H, m), 
2.54-3.13 (5H, m) , 3.34-4.00 (4H, m), 4.08-4.28 
(2H, m), 4.25 ( 2K, g, J=7.1Hz), 4.91-5.01 (IH, 
n>), 5.12 (2H, s), 5.85-6.00 (IH, m) , 7.28-7.36 
(5H, m), 7.41-7.56 (4H, m) , 7.78-7.87 (2H, m) 
Mass (m/z) : 621 (M"^+l) 

(6) N-[ (R)-l-<3-(l-benzyloxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidylcarbonyl ] -2 ( S ) - 
cyclopropylcarbonylamino-p-alanine ethyl ester 
IR (Film) : 3000, 2930, 2850,- 1730, 1550 cm-1 
NMR (CDCI3, 5) : 0.73-1.37 (5H, m) , 1.27 (3H, t, 

J-7.1H2), 1.40-1.80 (IIH, m), 2.31-2.54 (3H, m) , 
2.68-2.88 (2H, m) , 3.20-3.40 ( 2H, m) , 3.52-3.75 
(IH, m), 4.08-4.32 (6H, m) , 4.72-4.81 (IH, m) , 
5-12 (2H, s), 6.70-6.80 and ' 7 . 08-7 . 15 (total IH, 
m), 7.21-7.48 ( 6H, m) 
Mass (m/z) : 535 (m++1) 

( 7 ) N- [ ( R ) -i-{ 3_ ( l-benzyloxycarbonyl-4 -piperidyl ) - 
propionyl} -3-piperidylcarbonyl ] -2 ( R ) -benzoylamino-/3- 
alanine methyl ester 

IR (Film) : 3O6O, 3010, 2950, 2860, 1740, 1690, 
1640, 1610 cm-1 
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^ (CDCI3, S) : 0.99-1.21 (2H, m), 1.32-1.87 (SH 
2 .03-2.48 ( 2H, m) , 2.33 ( 2H, t, J=7.7Hz) ' 
2.62-2.83 (2H, m), 3.36-3.45 ( 2H, , 3.62-3:80 
and 4 33-4.44 (to.al 4H, n.), 3.77 (3H, s), 4 . 10- 
4-22 (2H, m), 4.70-4.86 ( IH, m) , 5. 11 ( 2h 
-2S-7.59 (9H, 7.81-7.89 (2H, ^i-sJ^ 

( iH, m) 

Mass (m/z) : 607 {M++1) 

( 8 ) N- [ 1 - < 3 - ( 1 -benzyloxycarbonyl-4 -piperidy 1 ) propionyl > _ 

3-p.peridyl]-3(S)-benzoyla:ninosuccinai„ic acid methvl 

ester ^ 

IR (Film) : 3000, 2940, 2850, 1735, 1680, 154O cn,-l 
NMR (CDCI3, 5) : 0.98-1.24 ( 2H, n.), 1.34-1.95 (9H 

m), 2.16-2.40 (2H, n,), 2.66-2.83 ( 3H, n.) , 3.01- 
I 4.00 (6H, m), 4.15 (3H, s), 4.07-4.23 (2H, m) 

4.89-5.00 (IH, m), 5.12 (2H, s), 6.88-7.20 ( IH 

7.31-7.37 (5H, m) , 7.43-7.56 ( 3H, ru) , 7:78l 
7.89 (3H, m) 
^° "ass (m/z) : 607 (M++1) 

( 9 ) N- [ 1 - < 3- ( 1 -benzyloxycarbonyl-4-piperidyl ) propionyl } - 

3-pxperidyl]-2(S)-acetylaininosuccinainic acid ethvl 
ester ^ 

IR (Film) : 3050, 2990, 2920, 2850, 1725, 1650, 
1620 cm-1 

^ (CDCI3, 6, : 1.04-1.24 (2H, m), 1.27-1.28 (total 
3H, t, J=7.1Hz), 1.41-1.99 (9H, m) , 2.03 (3H, 
3), 2.31-2.41 (2H, m), 2.69-3.16 (5H, m) , 3.34- 
4^05 (4H, m), 4.11-4.24 (2H, m) , 4 . 22 (2H, q, 
J-7.1HZ), 4.71-4.82 (IH, m) , 5.12 ( 2H, s ) ., 6.02 
and 6.09 (total IH, d, J=7.1Hz), 6.71-6.83 (IH, 
ra), 7.30-7.37 (5H, m) 
Mass (m/z) : 559 (m++1) 
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(10) N-[ (R)-l-{3-(l-benzyloxycarbonyl-4- 
pxperxdyi )propionyl}-3-piperidylcarbonyl ] -2 ( R) - 
acetylaniino-(3-alanine methyl ester 

IR (Film) : 2940, 2850, 1740, 1650 cm"! 

NMR (CDCI3, 5) : 1.03-1.28 (2H, m), 1.40-1.79 (9H, 
in), 2.03 (3H, s), 2.20-2.40 (3H, m) , 2.64-2.84 
(2H, m), 3.20-3.69 (5H, m) , 3.75 (3H, s), 3.82- 
3.89 (IH, m), 4.11-4.23 (2H, m), 4.55-4.68 (IH, 
m), 5.12 (2H, s), 7.00-7.09 (2H, m), 7.27-7.37 
(5H, m) 
Mass (m/z) : 545 {M"^^l) 

(11) N-[ l-{3-( l-ben2yloxycarbonyl-4-piperidyl)propionyl}- 

3-piperidyi]-3(R)-benzoylaminosuccinamic acid ethyl 
ester 

IR (Film) : 2990, 2920, 2850, 1720, 1660, 1635 cm'! 
NMR (CDCI3, 5) : 0.96-1.16 (2H, m), 1.30 ( 3H, t, 

J = 7.2H2 ), 1.40-1.95 {9H, m) , 2.10-2.40 (2H, m) , 
2-63-2.84 (3H, m) , 2.99-3.15 (2H, m), 5.22-3.41 
(IH, m), 3-54-4.00 (3H, m) , 4.09-4.27 (4H, m) , 
4.86-5.00 (IH, m), 5.13 (2H, s), 6-89-7,20 (IH, 
ni), 7.30-7.37 (5H, m) , 7.41-7.55 (3H, m) , 7.65- 
■7.84 (3H, m) 
Mass (m/z) : 621 (M^+l) 



12) 4-[3-{3-(l - ter t -butoxycarbonyl -4 - 

piperidyl ) propionylamino > - 1 -piperidyl ] - 4 -0x0- 2 ( S ) - 
benzoylaminobutyric acid tert-butyi ester 
IR (Film) : 3050, 2970, 2930, 2850, 1750, 1640 cm-l 
NMR (CDCI3, 6) : 0.94-1.20 (2H, m), 1.45-1.79 (lOH, 
m), 1.45 (9H, s), 1.46 (9H, s), 2.12-2.39 ( 7H, 
m), 2 .52-2.80 ( 3H, m) , 3.87-4.36 ( 4H, m) , 7.31- 
7.58 (4H, m), 7.75-7.85 (2H, m) 
Mass (m/z) : 615 (M^+1) 
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Example 9 

(1) To a mixture of N- [ ( R) -l-{ 3- ( l-benzyloxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidyicarbonyl ] -2 ( S ) -amino-/3- 
alanine ethyl ester hydrochloride (1 g), 3- 
methoxypropionic acid (0.17 ml) and l-hydroxybenztriazole 
(0.24 g) in N , N-dimethylf ormamide (10 ml) was added 1- 
ethyl-3- ( 3-dimethylaminopropyi ) carbodiimide (0.33 ml ) 
under stirring at 0°C. After stirring at ambient 
temperature for overnight, the mixture was poured into 
water and extracted with ethyl acetate. The extract 
washed with water, brine and dried over MgS04 , and 
evaporated in vacuo. The residue was purified by column 
chromatography on silica gel eluting with (CHCl3:MeOH = 
100:1) to give N- [ ( R ) - i _ ^ 3- ( 1 -benzyloxycarbonyl-4 - 
piperidyl ) propionyl } -3-piperidylcarbonyl ] -2 ( S ) - ( 3- 

methoxypropionyl)amino-;5-alanine ethyl ester (0.59 g) as 
an oil . 

IR (Film) : 3050, 2980, 2860, 1730, 1660, 1640, 
1620 cm-1 

NMR (CDCI3, S) : 1.05-1.33 ( 2H, m), 1.28 (3H, t, 

J=7.2Hz), 1.42-1.82 (14H, m) , 2.11-2.61 (4H, m) 
2.67-2.84 (2h, m) , 3.37 (3H, s), 3.40-3.57 (2H, 
m), 3.61-3.76 (2H, m) , 3.85-4.03 (IH, m) , 4.12- 
4.26 (4H, m), 4.67-4.76 and 6.93-7.06 (total IH 
ni), 5.12 X2H, s), 7.32-7.39 ( 6H, m) 

Mass (m/z) : 603 (M++1) 

The following compounds were obtained according to a 
similar manner to that of Example 9 fly . 

(2) N-[ (R)-l-{3-(l-benzyloxycarbonyl-4- 

piperidyl ) propionyl > - 3 -piperidylcarbonyl ] - 2 ( S ) - ( 4- 

hydroxybenzoylamino)-i3-alanine ethyl ester 

IR (Film) : 2930, 1735, 1650, 1630 cm'^ 

NMR (CDCI3, 5) : 0,89-1.15 (2H, m) , 1.28 (3H, t. 
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J=7.2Hz), 1.30-1.82 (9H, m) , 2.18-2.51 (4H, m), 
2.60-2.79 (2H, m) , 3.11-3.86 (4H, m) , 4.01-4.30 
(6H, m), 4.76-4.93 (IH, m) , 5.12 (2H, s), 6.79- 
6.87 (2H, m), 7.29-7.36 (5H, m) , 7.50-7.58 and 
7.65-7.72 (total 2H, m) , 7.83 (IH, d, J=8 . 6Hz ) , 
8.25-8.30 and 8.60-8.70 (total IH, br) 
iMass (m/z) : 637 (M^+1) 

(3) N-[ (R)-l-{3-( l-benzyloxycarbonyl-4- 

piperidyl ) propiony 1 } - 3-piperidylcarbonyl ] - 2 ( S ) -4 - 
biphenylcarbonylamino-|3-alanine ethyl ester 
IR (Film) : 2930, 2850, 1735, 1660, 1640 cm"! 
NMR (CDCI3, 5) : 0.90-1.15 (2H, m), 1.30 (3H, t, 

J=7.1H2), 1,34-1.80 (lOH, m) , 2.29-2.77 (5H, m) 
3.13-3.71 (4H, m), 4.02-4.40 (5H, m), 4.93-5.03 
(IH, m), 5.09 (2H, s), 7.34 (5H, s), 7.36-7.51 
(4H, m), 7.59-7.69 (4H, m) , 7.80-7 . 99 (IH, m) , 
8.11 (2H, d, J=8.4H2) 
Mass (m/z) : 697 (M^^+l) 



Example 10 

(1) A solution of N-[(R)-l-{3-(l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl } -3-piperidylcarbonyl ] - 3-ethynyl-(5- 
alanine ethyl ester '(1*38 g) in tetrahydrof uran (5 ml), 
ethanol (5 ml) and water (5 ml) was added lithixam • 
hydroxide (0.35 g). under stirring at O^C. After stirring 
at ambient temperature for 1 hour, the mixture was 
acidified with 5% KHSO4 aqueous solution and extracted 
with ethyl acetate. The extract was washed with water, 
brine and dried over MgS04 , and evaporated in vacuo to 
give N-[ (R)-i-{3-( l-tert-butoxycarbonyl-4-piperidyl)- 
propionyi}-3-piperidylcarbonyl]-3-ethynyl-;S-alanine (1.12 

g) . 

IR (Nujol) : 3200, 1720, 1630 cm"! 
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NMR (DMSO-dg, 6) : 0.68-1.16 (4H, m), 1.21 (9H, s), 
1.44-2.29 ( 9H, m) , 2.40-2.50 ( 5H, m) , 2.70-3.08 
(2H, m), 3.52-4.28 (5H, m) , 4.58-4.75 (IH, m) , 
8 . 22-8.29 (IH, m) , 12.17-12.31 (IH, br ) 

Mass (m/2) : 464 (M'^+l) 

The following compounds were obtained according to a 
similar manner to that of Example 10 (1) . 

( 2 ) ( 3R ) -N- [ ( R ) -1- { 3_ ( l-tert-butoxycarbonyl-4-piperidyl ) - 
propionyl>-3-piperidylcarbonyl]-3-methyl-3-alanine 
IR (Film) : 3410, 2970, 2930, 2880, 1710, 1530 cm"! 
NMR (DMSO-dg, 5) : 0.83-1.90 (5H, m), 1.38 ( 9H, s), 
1.40-1.84 (9H, m), 2,03-2.42 (5H, m), 2.55-2,74 
(3H, m), 2.87-3.11 (IH, m) , 3,69-4.37 (5H, m) , 
7.83 (IH, d, J-8.0HZ) 
Mass (m/2) : 452 (M-^+l) 

(3) N-[(R)-i-^3-.(i - tert -butoxycarbony 1 -4 - 

piperidyl ) propionyl } -3-piperidylcarbohyl ] -^i-alanine 
IR (Film) : 3400, 2910, 1700, 1630 cm"! 
NMR (DMSO-dg, S) : 0.84-1.09 (2H, m), 1.38 (9H, s), 
1.32-1.83 (9H, m), 2.26-2.40 ( 5H, m), 2.55-2.75 
(3H, m), 2.84-3.27 (3H, m) , 3 . 7 1-3 . 9 8 • ( 3H , m) , 
4.11-4.38,- (IH, m), 7 . 90-8 . 02 ( IH, m) 
Mass (m/z) : 440 (M"^+l) 

Example 11 

(1) To a solution of N- [ ( R ) -1- { 3- ( l-benzyloxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidyicarbonyl ] - 2 ( S ) - 
acetylamino-p-alanine ethyl ester (130 mg ) in a mixture of 
ethanol (1.5 ml) and tetrahydrof uran (I.5 ml) was added a 
solution of lithium hydroxide (11 mg) in water (1.5 ml) 
under stirring at 0°C. After stirring at ambient 
temperature for 1 hour, the mixture was acidified with 10% 
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KHSO4 aqueous solution and extracted with ethyl acetate 
The extract was washed with water, brine and dried over' 
MgS04 and evaporated in vacuo to give N-[(R)-i_{3 

benzyloxycarbonyl-4-piperidyl)propionyl}-3-piperidyi' 
carbonyl]-2(S)-acetylainino-|3-alanine as an oil (57 > 

IR (Film) : 3810, 3000, 2950, 2880, 1730, 1655 en,"! 
NMR (DMSO-dg, 6) : 0.80-1.09 (2H, xn), 1.24-1 80 

(lOH, n,), 1.99 (3H, s), 2.05-2.35 (3H, n» , 2.56- 
3-51 {5H, m), 3.74-3.83 (IH, m) , 3.94-4.04 (2H, 
m), 4.16-4.40 (2H, m), 5.06 (2H, s), 7. 30-7. 37' 
(5H, m), 7.95-8.09 ( 2H, m) 
Mass (m/z) : 531 (m"*"+1) 

The following compounds were obtained according to a 
similar manner to that of Example 11 1 1 ) 



iJ (R)-l-{3-(l-tert-butoxycarbonyl-4- 

B Piperidyl ) propionyl } - 3 -piper idylcarbonyl ] -3 ( R ) - 

a Phenethyl-;3-alanine 

(Film) : 3400, 2920, 2850, 1700, 1640 cm"! 
NMR (DMSO-dg, 6) : 0.53-0.86 (2H, m) , I.17 (9„, s), 
1-17-1.29 (8H, m), 1.26-1.66 (5H, m), 2.04-2.18 
(4H, m), 2.30-2.54 (5H, m) , 3.49-3.90 (4H, m) , 
3.95-4.23 (IH, m) , 6.94-7.09 (5H, m), 7.55 (IH, 
d, J=8H2)/ 
Mass (m/z) : 544 (M++1) 

(3) N-[ (R)-i_{2-(4-piperidyloxy)acetyl}-3_ 

piperidylcarbonyl ] -3 ( S ) -ethynyl-(3-alanine 
trif luoroacetate 
[o.]gO = _i9.no (c=i.o, MeOH) 

IR (Film) : 3360, 2940, 1760, 1710, 1625 cm'l 
NMR (DMSO-dg, 5) : 1.22-2.36 (8H, m) , 2.59 (IH, d, 
J-6.6HZ),. 2.49-2.74 ( IH, m) , 2.84-3.21 (6H, m) , 
3.57-3.70 (2H, m) , 4.03-4.25 (3H, m), 4.77-4.88 
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(4H, m), 8.31-8.43 (2H, m) 
Mass (m/z) : 366 (M+^i) free of compound 
and 

(^) -l-{2-(4-piperidyloxy)acetyl>-3- 
piperidylcarbonyl ] -3 (R ) -ethynyl-;3-alanine 
trif luoroacetate 

IR (Film) : 3250, 2920, 1710, 1625 cm"! 

NMR (DMSO-dg, S) : 1.20-2.00 (6H, m), 2.11-2.76 (3H, 
m), 2.58 (IH, d, J=7.4Hz), 2.86-3.23 ( 6H, m) , 
3.95-4.32 (8H, m) , 4.75-4.89 (IH, m) , 8.42 (2H, 
t, J=8,6Hz) 

Mass (m/z) : 366 (M^^l) free of compound 

N- [ ( R ) -1- { 3- ( l-tert-butoxycarbonyl-4- 

piperidyl)propionyl>-3-piperidylcarbonyi[-2- 
piperidylacetic acid 

IR (Film) : 3410, 2930, 2850, 1710, 1680, 1610 cm"! 

NMR (DMSO-dg, 6) : 0.83-1.07 (3H, m), 1.34-1.71 

(IIH, m), 1.38 (9H, s), 2.25-2.40 (3H, m) , 2.55- 
3.14 (9H, m), 3.68-3.97 (4H, m) , 4.27-4.39 (2H, 
m), 4.45-4.58 (1/3H, m), 4,88-5.03 (2/3H, m) 

Mass (m/z) : 494 (M++1) 

N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 
piperxdyl ) propionyl } - 3 -piper idyl carbonyl ] - 2 ( S ) - 
benzoylainino-/5-alanine 

IR (Film) : 2930, 1720, 1650, 1535 cm-l 
NMR (DMSO-dg, 6) : 0.83-1.06 (2H, m), 1.25-1.44 (4H, 
m). 1.38 (9H, s), 1.54-1.86 (5H, m) , 2.15-2.33 
(3h, m), 2.56-2.73 ( 2H, m) , 2.90-3.10 (IH, m) , 
3.39-3.98 ( 6H, m), 4.08-4.59 ( 2H, m) , 7.45-7.56 
(3H, m), 7.83-7.87 (2H, m) , 8.13-8.23 ( IH, m) , 
8.60-8.66 (IH, m) 
Mass. (m/z) : 559 (M"^+l) 
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( 6 ) N-[ (R)-l-{3-( l-tert:-but:oxycarbonyi-4- 

piperidyl )propionyi>-3-piperidylcarbonyi] -2 ( S ) - 
phenylsuifonylamino-^-alanine 

IR (Nujol) : 3370, 3250, 3180, 1700, 1685, 1640 cm-l 
NMR (DMSO-dg, 6) : 0.80-1.06 ( 2H, m) , 1.14-1.43 ( 6H, 
m), 1.38 (9H, s), 1.55-1.71 (3H, m) , 1.88-2.34 
(3H, m), 2.42-2.71 ( 2H, m) , 2.83-3.14 (2H, m) , 
3.23-3.40 ( 2H, m) , 3.71-3.97 (4H, m) , 4.14-4.40 
(IH, m), 7.50-7.68 ( 3H, m) , 7.75-7.79 ( 2H, m) , 
7.95-8.06 (IH, m), 8.16 (IH, t, J=8 . 6Hz ) , 12.66- 
12.80 (IH, br) 
Mass (m/z) : 595 (M'^+1) 

(7) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidylcarbonyl ] -2 ( S ) -n- 
butansulf onylamino-p-alanine 

IR (Nujol) : 3330, 3250, 1715, 1690, 1640 
NMR (DMSO-dg, 6) : 0.87 (3H, t, J=7 . 3Hz ) , 0.84-1.07 
(2H, m), 1.30-1.46 (7H, m ) , 1.38 (9H, s), 1.57- 
1.90 (7H, m), 2.29-2.36 {2H, m) , 2.55-2.75 (3H, 
m), 2.85-3.50 (3H, m), 2.96 ( 2H, t, J=7.7Hz), 
3.77-4.01 (4H, m), 4.19-4.42 (IH, m) , 7,50-7.57 
(IH, m), 8.02-8.11 (IH, m) , 12.93-13.00 (IH, br) 
Mass (m/z) : 475 (M'^+l-Boc) 
/ 

(8) N-[ (R)-l-{3-(l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl } -3-piperidylcarbonyl ] -3 ( S ) - 
ethynyi-p-alanine 

IR (KBr) : 3430, 3300, 1731, 1686 , 1662 cm-^l 
NMR (DMSO-dg, 5) : 0.92-1.17 (2H, m) , 1.38 (9H, s), 
1.49-1.77 (9H, m), 1.91, 1.99 (total IH, s), 
2.13-2.64 (8H, m) , 2.89-3 .06 (IH, in), 3.17-3.28 
(IH, m), 3 . 76-4.32 (3H, m) , 4.78-4.84 (IH, m) , 
8.37-8.44 (IH, m), 12.39 (IH, br ) 
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(9 ) N-[ (R)-i-{3-( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl > -3-piperidylcarbonyl ] -3 ( s ) - 

propargylaminocarbonyl-/3-alanine 

IR (Film) : 3380, 1710, 1640 cm-^ 

NMR (DMSO-dg, 5) : 0.85-1.08 {2H, m), 1,38 {9H, s), 
1.42-1.91 (8H, m), 2.26-2.37 (3H, m) , 2.54-2.76 
(6H, m), 2.88-3.12 ( 2H, m) , 3.69-3.98 (5H, m) , 
4.08-4.37 (IH, m), 4.46-4,57 (IH, m) , 7.18-7.33 
(IH, m), 8.08-8.18 ( IH, m) , 8.31-8.36 ( IH, m) 

Mass (m/z) : 521 (M'^4-1) 

(10) N-[(S)-l-{3-( l-tert-but:oxycarbonyl-4-piperidyl ) - 
propionyl } -3 -piperidylcarbonyl ] -3-ethyTiyl-j3-alanine 
IR (Film) : 3000, 2930, 2870, 1720, 1640 cm-^ 

NMR (DMSO-dg, 5) : 0.85-1.10 (2H, m), 1.38 (9H,. s), 
1,21-1.86 (8H, m), 2.08-2.40 (3H, in), 2.56-2.71 
(4H, m), 2.87-3.12 ( 3H, m) , 3.21 ( IH, dd, J=5.4 
and 2.3Hz), 3.71-4,43 (4H, m) , 4.74-4.87 (IH, 
m), 8.39-8.46 ( IH, m) , 12.40-12.50 (IH, br ) 

Mass (m/z) : 464 (M"'"+l) 

(11) N-[ (S)-l-{2-(l-benzyloxycarbonyl-4- 
piperidyloxy )ace-tyl}-3-piperidylcarbonyl ] -^S-alanine 
IR (Film) : 3300, 2930, 1720, 1620 cm-^ 

NMR (DMSO-dg, g) : 1,32-1.91 (8H, m), 2.06-2.30 (IH, 
m), 2.36 (2H, t, J=6.9H2), 2.57-2.71 (IH, m) , 
2.85-3,29 (5H, m) , 3.47-3.79 (4H, m), 4.01-4.33 
(3H, m), 5.06 (2H, s), 7.30-7.37 ( 5H, m) , 7.93- 
8.01 (IH, br), 12.15-12.30 ( IH, br ) 

Mass (m/z) : 476 (M"^+l) 

(12) N-[ (R)-l-{3-(l-benzyloxycarbonyl)-4- 

piperidyl ) propionyl > -3-piperidyicarbonyl > -2 ( S ) - ( 4- 

chlorobenzoyl ) amino-P-alanine 

IR (Film) : 3400, 1720, 1635, 1600 cm-^ 
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NMR (DMSO-dg, 5) : 0,87-1.19 (2H, m), 1.31-1.44 (3H, 
m), 1.53-1.85 (4H, m) , 2.12-2.34 (2H, m) , 2.59-' 
2.83 (IIH, m), 3.93-4.05 ( 2H, m) , 4.14-4.58 (IH, 
m), 5.05 (2H, s), 7.29-7.40 (5H, m) , 7.57 (2H, 
J = 8.5Hz), 7.82-7.89 ( 2H, m) , 8.11-8.20 (IH,' 
in), 8.66-8.74 (IH, m) 

Mass (m/z) : 627 (M"^4-l) 

(13) N-[ (R)-l-{3_(l_benzyloxycarbonyl-4- 
piperidyl ) propionyl } -3-piperidylcarbonyi ] -2 ( S ) - ( 4- 
methoxybenzoylamino)-/3-alanine 

IR (Film) : 3350, 2920, 1715, 1630, 1600 cm'^ 
NMR (DMSO-dg, 5) : 0. 85-1.84 ( 12H, m)', 2.07-2.44 

(3H, m), 2.56-3.23 (5H, m) , 3.37-3.75 ( 2H, m) , 

3.81 (3H, s), 3. 91-4-. 08 (2H, m ) , 4.14-4.56 (IH, 
5.05 (2H, s), 7.01 (2H, d, J=8.8H2), 7.30- 

7.37 (5H, m)', 7.83 ( 2H, d, J=8.7H2), 8.11-8.19 
(IH, m), 8.42-8.49 (IH, m) , 12.68-12.75 (IH, br) 
Mass (m/z) : 623 (M^^+l) 

(14) N-[l-{3-( l-benzyloxycarbonyl ) -4 -plperidyl ) propionyl } - 
3-piperidyl ] -2 { S ) -benzoylaminosuccinamic acid 

IR (Film) : 3250, 2900, 1710, 1635 cm-^ 
NMR (DMSO-dg, 6) : 0.84-1.05 ( 2H, m), 1.31-1.47 (5H, 
in), 1.57^-1.83 (4H, m) , 2.15-2.35 (2H, m) , 2.62- 

2.82 (4H, m), 2.94-3 .09 ( 2H, m), 3.50-3.'82 (3H, 
m), 3.90-4.03 (2H, m) , 4.69-4.81 (IH, m) , 5.05 
(2H, s), 7.33-7 .40 (5H, m) , 7.44-7.57 ( 3H, m) , 
7.83-8.05 (3H, m) , 8.58-8.68 (IH, m) 

Mass (m/z) : 593 (M"^+l) 

(15) N-[ (R)-l-^3_(l_be^^zyloxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidylcarbonyi ] - 2 ( S ) - 
cyclopropyicarbonylamino-0-alanine 

IR (Film) : 3300, 3000, 2930, 2860, 1720, 1640 cm"! 
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NMR (DMSO-ds, 5) : 0.66 (4H, d, J=6 . 5Hz ) , 0.89-1.10 
(2H, m), 1.21-1.87 (lOH, m) , 2.07-2.37 (3h, m) , 
2-58-3.55 ( 6H, m) , 3.71-3.84 ( IH, m) , 3.94-4.05 
(2H, m), 4.17-4.40 (2H, m) , 5.06 (2H, s), 7. 35. 
7.39 (5H, m), 7.96-8.06 ( IH, m) , 8.24-8.31 (IH 
m), 12.53-12.71 (IH, br) 
Mass (m/z) : 557 (M++1) 

(16) N-[ (R)-l-^3_(l_ben2yloxycarbonyl-4- 
^cJ ^ ° piperidyl ) propionyi >-3-piperidylcarbonyl ] -2 ( S ) - ( 3- 
'"^t^o'^ypropionyl ) amino-p-alanine 
IR (Film) : 3480, 2920, 1710, 1640 cm-1 
NMR (DMSO-dg, 5 ) : 0.94-1.29 (2H, m),' 1.37-1.84 
(UH, m), 2.06-2.40 (2H, m), 2.35 ( 2H, t, 
J=S.5H2), 2.55-3.04 (3H, m), 3.20 (3H, s), 3.35- 
3-55 (2H, m), 3.51 (2H, t, J=5.5H2), 3.73-3.83 
(IH, m), 3.94-4.06 (2H, m) , 4.18-4.39 ( 2H, m) , 
5.05 (2H, s), 7.35 (5H, s), 7.90-8.09 (2H, m) ' 
Mass (m/z) : 575 (M++1) 
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(17) N-[(R)-l-^3_(i -benzyioxycarbonyl-4 - 

piperidyl ) propionyi } - 3 -piperidy Icarbony 1 ] - 2 ( S ) - ( 4 - 

hydroxybenzoyl ) amino-P-alanine 

IR (Nujol) : 3250, 1720, 1630, 1600 cm-l 

NKR (DMSO-d6,.5) : 0,89-1.86 ( 12H, m) , 2.11-2.34 

(3H, m), 2.51-3.09 (4H, m) , 3.45-3.84 (2H, m) , 
3.95-4.05 C2H, m) , 4.12-4.54 (2H, m) , 5.06 (2H, 
s), 6.82 (2H, d, J=6.8H2), 7.30-7.39 (5H/m), 
■7-72 (2H, d, J=7.2Hz), 8.10-8.19 (IH, m) , 8.32- 
8.39 (IH, in), 10.02 (IH, s), 12.65-12.74 (IH, 
br) • 

Mass (m/z) : 609 (M++1) 

(18) N- [ 1 - { 3 - ( 1 -ben zyloxycarbony 1-4 -piperidyl ) propionyi { - 
3-piperidyi ] -2 ( S ) -acetylaminosuccinamic acid 
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IR (Film) : 3270, 2900, 1720, 1640 cm-l 
NMR (DMSO-dg, S) : 0.90-1.12 (2H, m), 1.29-1.52 {5H, 
m), 1.61-1.80 (4H, m) , 1.82 (3H, s), 1.92-2.36 
{2H, m), 2.44-3.08 (5H, m) , 3.17-3.87 (3H, m) , 
3.94-4.05 (3H, m) , 4.39-4.59 (IH, m), 5.05 (2H, 
s.), 7.23-7.39 {6H, m) , 7.76-8.13 { IH, m ) 
Mass (m/z) : 531 (M'*"+l) 

( 19 ) N-[ l-{3.-( l-ben2yloxycarbonyl)-4-piperidyl )propionyl}- 
^5^0 3-piperidyl ] -3 ( R ) -benzoylaminosuccinamic acid 

I IR (Film) : 3280, 2910, 2850, 1715, 1640 cm-^ 

J NMR (DMSO-dg, S) : 0.85-1.05 ( 2H, m ) 1.22-1.50 (5H, 

I m), 1.54-1.83 (4H, m) , 2.11-2.35 (2H, m) , 2.55- 

\ 2.83 (4H, m), 2.90-3.06 (2H, m), 3.17-3.76 (3H, 

rfi). 3.88-4.05 (2H, m) , 4.57-4.80 (IH, m) , 5.05 
I (2H, s), 7.33 (5H, s), 7.40-7.54 (3H, m) , 7.82- 

] 7.90 (2H, m), 7.92-8.11 (IH, m), 8.60-8.69 (IH, 

I 

f Mass (m/z) : 593 (M''"+l) 

'20 

(20) N-[ (R)-l-{3-(l-benzyloxycarbonyi-4- 

piperidyl )propionyl>-3-piperidylcarbonyl ] - 2 ( S ) - ( 4- 
biphenylcarbonylamino-i3 -alanine 

IR.(Film) : 3300, 2940, 1730, 1690, 1660, 1640 cm"! 
25 NMR (DMSO-dg,' S) : 0.86-1.05 ( 2H, m), 1.11-1.45 (4H, 

m), 1.54-1.88 (6H, m) , 2.05-2.34 (3H, m), 2.58- 
3.11 (3H, m), 3.23-3.80 (4H, m), 3.90-4.57 (3H, 
m), 5.05 (2H, s), 7.34 (5H, s), 7.40-7.55 (3H, 
m), 7.72-7.82 (4H, m) , 7.93-7.99 ( 2H, m) , 8.14- 
30 8.23 (IH, m), 8.64-8.71 ( IH, m) 

Mass (m/z) : 669 (M^+l) 
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( 21 ) N-[ (R)-i-{3_( l-benzyloxycarbonyl-4-piperidyl )- 
propionyl } -3-piperidylcarbonyl ] -2 ( S ) - ( n- 
hexanoyl ) amino-|3-alanine 
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IR (Film) : 3350, 3000, 2930, 2860, 1700, 1640 cm-l 
NMR (DMSO-dg, S) : 0.85 ( 3H, t, J = 6.6Hz), 0.90-1.09 
(2H, m), 1,14-1.29 (5H, m), 1.39-1.85 (lOH, m), 
2.09 {2H, t, J=7.4Hz), 2.28-2.36 (2H, m) , 2.57- 
3.54 (7H, m), 3.71-3.84 {IH, m ) , 3.94-4.06 (2H, 
m), 4.17-4.40 (2H, m) , 5.06 (2H, s), 7,30-7.42 
(5H, m), 7.90-8.03 {2H, m) 
Mass (m/z) : 587 (M"^+l) 



(22) N-[(R)-l-{3-(i - tert-butoxycarbonyl- 4 - 

piperidyl ) propionyl}-3-piperidylcarbonyl ] -2 ( S ) - 
Cn acetylamino-P-alanine 

HI (Film) : 3280, 2960, 2920, 1720, 1650 cm"^ 

ril NMR (DMSO-dg, 5 ) : 0,83-1.09 ( 2H, m), 1.38 (9H, s), 

Y 1.38-1.80 (9H, m), 1.84 (3H, s), 2.07-2.39 (3H, 

□ ^) r 2.51-3.22 (6H, m) , 3.73-4.40 (5H, m) , 7.96- 

3-10 (2H, m) 
;J Mass (m/z) : 497 {M'*"-i-l) 

2 0 Example 12 

(1) To a solution of N- [ 1 - { 2- ( l-benzyloxycarbonyi-4- 
piperidyloxy ) acetyl } - 3-piperidylcarbonyl ] -i^-alanine methyl 
ester (1.33 g) in methanol (10 ml), (10 mi) and 

tetrahydrofuran (10 ml) was added IN NaOH (8.55 ml) under 
stirring at 0°C. /After stirring at ambient temperature 
for 3 hours, the mixture was acidified with 10% KHSO4 
aqueous solution, and extracted with ethyl acetate. The 
extract was washed with water and brine, and dried over 
MgS04, evaporated in vacuo to give- N-[l-{2-(l- 

3 0 benzy loxycarbonyl-4 -piperidyloxy ) acetyl > - 3 - 
piperidylcarbonyl]-3-alanine (1.22 g) as an oil. 

IR (Film) : 3330, 2940, 1700, 1630 cm"^ 
NMR (DMSO-dg, 5) : 1.25-1.90 (8H, m), 2.09-2.31 (IH, 
m), 2.36 (2H, t, J=6 , 9Hz ) , 2.56-2.70 (IH, m) , 
2.85-3 . 29 (5H, m) , 3.50-3 .84 (4H, m) , 4.10-4.34 
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(3H, m), 5.06 (2H, s), 7.28-7.39 ( 5H, m) , 7. 91-. 
8.03 (IH, m), 12.09-12.10 {IH, br ) 
Mass (m/2) : 476 (M"^+l) 

The following compounds were obtained according to a 
similar manner to that of Example 12 , ( 1) . 

( 2 ) N-[ 2-[ l-{3-( l-Ben2yloxycarbonyl-4- 

piperidyl ) propionyi > - 3 -piperidyl ] acetyl ] glycine 
IR (Film) : 3400, 2920, 2850, 1660, 1640, 1620 cm-1 
NMR (DMSO-dg, 5) : 0.84-1.50 (7H, ), 1.52-1.94 (5H, 
m), 2.03 (2H, t, J=7.9Hz), 2.22-2..41 ( 2H, m) , 
2.61-3.03 (4H, m), 3.67-3.88 (IH, m) , 3.73 (2H, 
d, J=5.3Hz), 3.98-4.28 (3H, m), 5.06 ( 2H, s), 
7.28-7.42 (5H, m), 8.14-8.29 (IH, m) , 12.20- 
12.37 (IH, br) 
Mass (m/z) : 472 (M"^-!) 

( 3 ) N-[ l-{3-(l-Benzyloxycarbonyl-4-piperidyl)propionyl-3- 
piperidylcarbonyl]-3-methyl-J3-alanine 
IR (Film) : 3380, 2910, 2850, 1660, 1615 cm"! 
NMR (DMSO-dg, 5) : 0.88-1.13 (5H, m), 1.24-1.51 (4H, 
m), 1.51-1.83 (5H, m), 2.03-2.43 ( 5H, m) , 2.55- 
3.18 (4H, m), 3.68-3.89 (IH, m) , 3.90-4.40 (4H, 
m),. 5.06 /(2H, s), 7.35-7.39 (5H, m) , 7.83 (IH, 
d, J=7.9H2) 
Mass (m/z) : 488 (M"*'+i) 

( 4 ) N- [ 1- { 3- ( l-benzyloxycarbonyl-4-piperidyi ) propionyi > - 
(1,2,3, 4-tetrahydro-3-quinolyi ) carbonyl ] -^-alanine 
IR (Film) : 3410, 3940, 1760, 1650, 1635 cm"! 
NMR (DMSO-dg, S) : 0.85-1.06 ( 2H, m) , 1 . 4 3-2 . 20 ( 6H, 
m). 2.39 (2H, t, J=6.9Hz), 2.88-2.84 {4H, m) , 
3.23-3.32 (2H, m), 3.55-3.99 (5H, m) , 5.05 (2H, 
3), 5.53-5.61 (IH, m), 7.09-7.23 (4H, m) , 7.30- 
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7-42 (5H, m), 8.10-8.18 (IH, m) 
Mass (m/z) : (M++1) 

Example 1 ? 

(1) A solution Of N-[i-{3-(l-tart-butoxycarbonvl 4 

P.peridyl)propionyl>.3-piperidylcarbonnI-P-!lZ' 
e-r (2.03 methanol (10 .X ) an/w^L 

-de. ixthiu. hy..oxi.e (0.56 under s^i.^^^'^ .r 
After starring at a.bient temperature for 1 hoL the 
mxxture was acidified with 5% KHSO4 aqueous soZ'^.Tn H 
extracted with ethyl acetate. The extract ""'^ 
water, brine and dried over M,so and e^p::: 
to give N-ri-/T^i^- «^aporated in vacuo 

y e IN Li {J-(l-tert-butoxycarbonyl-4- ' 

pxperidyl)propionyl>-3-piperidylcarbonyl,_p_alanin. 

oil (1.52 g). ■i'-LJ P alanine as an 

IR (Film, . 3300, 2920, 1715, 1630 cm"! 

NMR ,OMSO-d„ a) .. 0.83-1.07 (2H, m), ,.33 (9h s) 

Y -^-^^ 7.92-8.02 (IH, m), X2. OS- 

IS. 10 (IH, br) . 

Mass (m/2) : 440 (M++1) 

The following compounds were obtained accor-H • . 
Similar manner to that pf Example . . ^° ^ 

(2) N-Cl-{3-(l-tert-butoxycarbonyl-4- 

Ir':;:?:! ^ '^^S^^^^' ^ --PiPendylcarbonyl , -.-alanine 
IR (Film) : 3400, 3050, 2910, 1720, 1610 cm-1 
- (0«SO d S) . 0.80-1.07 (2„, m), i.2:!l.46 (6H, 
- ' 1-38 (9H, s), 1.55-1.71 (4H, m) , 2.27-2.36 
(3H, m), 2.36 (2H, t, J=6.9Hz), 2.46-2.75 (2H, 

2 89.3.05 (IH, m), 3.22 (2H, g, a=5.9Hz), 
3.78-3.99 ,3H, m, , 4.28-4.40 (xh, n.) , 7.89 (1„, 
J=5.5H2) 
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Mass (m/z) : 438 {M+_j_j 

3-pxperidylcarbonyl]glycine «i^yryl>- 
IR (Film) : 3390, 2920, 2850, 1720, 1650 cnfl 

(OMSO-d„ S) : 0.84-1.10 (2H,.,, ,X 29 (2H 
™^-38 (9H, s), 1.4S-1.91 (8H, .),2.2j. r' 

Mass (m/z) : 440 (m++1) 

(4) N-[(R)-l-{3-(l-tert-butoxycarbonyl-4- 

pxperidyl ) propionyl > -3-piperidylcarbonyl ] -3 ( R ) - ( . " 
methoxyphenethyl)-p_alanine ( > (- 

^ (Film, : 3400, 3930, 3860, 1700, 1630 cxn-1 

(-SO-d„ a) : 0.85-1.09 ( 2H, .) , ,.,3-1.49 ( 4H 
1-38 (9H, s), l.3S_..88 (8H, .) , 2.10-2.72 
(9H m), 2.89-3.16 (IH, m) , 3.71 (3H, s), 3.77- 
^- 6 (4H, m), 4.12-4.39 (IH, m), 6.82 (2;, d, 
J=8.6Hz), 7.07 (2H, d, J=8.6Hz), 7.83 ( IH, d, 
J=8.4Hz), 12.08 (IH, s) ^ ' ■ 

Mass (m/z) .- 574 (m++1) 

(5) N-C («)-l-<3-(l-W-butoxycarbonyl-4-piperidyl)- 

(F.lm) : 3380, 3020, 2940, 2870, 1710, 1660, 
1630 cm-l 

^ (OMSO-d„ 6) : 0.86-1.06(2H, m), 1.21-1.^1 (9H, 
- ' 1-38 (9H, s), 2.16-2.35 (3H, m) , 2.58-2.67 
(5H m), 2.86-3.06 (IH, m), 3.63-3.97 (3H, m) , 

.05-4 .42 (IH, n.), 5.11-5.23 (IH, .) , 7.17-7.31 
(5H, m), 8.40-8.47 ( IH, m) 

Mass (m/z) : (m++1) 
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( 6 ) N-C (R)-l-{3-( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl} - 3-pi?eridylcarbonyl ] - 3 ( r) _ ( 3 ^ 4. 
dimethoxyphenethyl ) -i3-alanine 

IR (Film) : 3300, 3430, 3360, 1720, 1640, 1625 cm-l 
NMR (DMSO-dg, 0) : 0.83-1.10 (2H, m), 1.21-1.46 (4H, 
m), 1.38 (9H, s), 1.61-1.91 (8H, m) , 2.07-2.73 
(lOH, m), 2.87-3.20 (2H, m) , 3.70 (3H, s), 3.73 
(3H, s), 3.76-4,08 (3H, m ) , 6.64-6.68 (IH, m) , 
6.74-6.85 (2H, m), 7.83 (IH, d, J = 8 , 2Hz } , 11.97- 
12.14 (IH, br) 
iMass (m/z) : 604 (M'^-^l) 

(7) N-[ (R)-i-{3_-( l-tert-butoxycarbonyl-4- 

piperidyl)propionyl}-3-piperidylcarbonyl ]-3 (R)-( 3- 
methoxyphenethyl ) -^-alanine 

NMR (DMSO-dg, S) : 0.92-1.12 (2H, m), 1.38 (9H, s), 
1.38-1.98 (13H, m), 2.03-3-20 (14H, m) , 3.72 
(3H, s), 3.75-4.38 (&H, m) , 6.73 (3H, d, 
J=6.0Hz), 7.17 (IH, t, J-8.3HZ), 7.84 (IH, d, 
J=8 . 6Hz ) 

Mass (m/z) : 574 (M'^+1) 

(8) N-[ {R)-l-{3-( l-tert:-butoxycarbonyl-4- 

pxperidyl ) propionyl } - 3-piperidylcarbony 1 ] - 3 ( R ) - ( 3 - 
trif luoromethylphenethyl ) -f3-alanine 
IR (Film) : 3280, 2920, 2850, 1720, 1630 cm-^ 
NMR (DMSO-dg, S) : 0.86-1.09 (2H, m), 1.38 (9H, s), 
1.30-1.44 (4H, m), 1.59-1.86 (6H, m), 2.28-2.40 
(5H, III), 2.60-2.'74 (5H, m) , 2.82-3.14 (IH, m) , 
3.71-4.05 (5H, m), 4.15-4.40 (IH, m) , 7.48-7.56 
( 4H, m) , 7 . 85-7 .90 { IH, in) 
Mass (m/z) : 612 (M'^+l) 

(9) N-[ (R)-l-{3-(i-tert-butoxycarbonyl-4- 

piper idyl ) propionyl > - 3 -piperidy Icarbony 1 ] - 3 ( R ) - ( 2 - 
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methoxyphenethyl ) -^-alanine 

IR (Film) : 3290, 3000, 2930, 2850, 1715, 1640, 
1515 

NMR (DMSO-dg, 5, : 0.84-1.08 (2H, :n) , 1.30-1 45 ( 4H 
m), 1.33 (9H, s), 1.59-1.91 (7H, m), 2.09-2 74 ' 
(lOH, m), 2.89-3.18 (IH, m) , 3.71-4.02 ( 4H m) 
3-75 (3H, s), 4.16-4.39 (IH, n,), 6 . 81-6 . 94 ' ( 2h' 
in), 7.07-7.20 ( 2H, m, , 7.84 (IH, d, J=8.5Hz), ' 
12.12 (IH, s) ' 

Mass (m/z) : 574 (m++1) 

( 10 ) N- [ (R) -1-^ 3- ( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl } -3 -piperidylcarbonyl ]-3(R)-(3,4- 
methylenedioxyphenethyl ) -p-alanine 
IR (Film) : 3380, 2960, 2920, 2860, 1710, 1650, 
1620 cm-1 

NMR (DMSO-dg, 5) : 0.86-1.07 ( 2H, m) , 1.24-1.94 ( 5H 
n,), 1.38 (9H, s), 1.59-1.87 ( 7H, m) , 2.30-2.70 
(9H, m), 2.90-3.15 (IH, m) , 3.70-4.00 (4H, m) , 
4.14-4.39 (IH, m), 5.95 (2H, s), 6.59-6.63 (IH, 
m), 6.74-6.81 (2H, m) , 7.83 ( IH, d, J=8.3Hz), 
12.09-12.19 (IH, br) 
Mass (m/z) : 588 (M++1) 

(11) N-[ (R)-l-{3-(l_^enzyloxycarbonyl-4- 

piperidyl ) propionyl > - 3 -piperidylcarbonyl ] - 2 ( R ) - 
benzoylamino-p-alanine 

IR (Film)-: 3260, 2900, 1710, 1630 cm-1 
NMH (DMSO-dg, S) : 0.86-1.04 (2H, m), 1.23-1.45 (4H, 
n«), 1.56-1.83 (5H, m) , 2.12-2.36 (3H, m), 2.57- 
3.81 (7H, m), 3.91-4.04 (2H, m), 4.14-4.62 (2H, 
m). 5.05 (2H, s), 7.28-7.35 (5H, m) , 7.47-7.63 
(3H, m), 7.83-7.97 (2H, m) , 8.15-8.23 (IH, m) , 
8.64 (IH, t, J=7.1H2) 
Mass (m/z) : 593 (M++1) 
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( 12 ) N-[ l-{3-( l-ben2yloxycarbonyl-4-piperidyl )propionyl}- 
3-piperidyl ] -3 ( S ) -benzoylaminosuccinamic acid 
IR (Film) : 3290, 2930, 1745, 1640 cm-1 
NMR (DMSO-dg, 6) : 0.87-1.06 ( 2H, m), 1.32-1.83 (gH, 
m), 2.15-2.35 (3H, m) , 2.58-3.07 ( 8H, m) , 3.51- 
3,79 {2H, m), 3.87-4.03 (2H, m), 4.67-4.80 (IH, 
m), 5.05 (2h, s), 7.29-7.39 (5H, m ) , 7.45-7.56 
(3H, m), 7.81-7.89 {2H, m) , 8.57-8.68 (IH, m) 
Mass (m/z) : 593 (M'^+l) 



{ 13.) N-C (R)-l-{3-(l-benzyloxycarbonyl-4- 

piperidyl ) propionyl > - 3 -piperidylcarbony 1 ] -2 ( R ) - 
acetylamino-J3-aianine 
[Jj (Film) : 3400, 2930 , 2860, 1720 , 1655, 1630 cm~^ 

NMR (DMSO-dg, 6) : 0.90-1.12 (2H, m), 1.23-1.79 (9H, 
P 1-84 (3H, s), 2.11-2.40 (4H, m) , 2.61-3.48 

in m), 3.74-3.88 (IH, m) , 3.96-4.08 ( 2H, m) , 

;K .4.20-4.40 (2H, m) , 5.06 (2H, s), 7.28-7.42 (5H, 

p m), 7.98-8.08 (2H, m) 

2^" , Mass (m/z) : 531 (M"^+l) 

The following compound was obtained according to a 
similar manner to that of Example 12 ( I) , 

25 Example 14 / 

(1) N-[2-[l-{2-(l-tert-butoxycarbonyl-4- 
piperidyl ) acetyl} -3-piperidyl ] acetyl ] -J3-aianine 
IR (Film) : 3300, 2920, 2850, 1710, 1635 cm'^ 
NMR (DMSO-dg, 6) : 0.87-1,31 (4H, m) , 1.38 (9H, s), 

1.55-2.06 (9H, m), 2.14-2.28 (2H, m), 2.37 (2H, 
t, J=6.8Hz), 2.60-3.02 (4H, m) , 3.23 (2H, q, 
J=6.0Hz), 3.68-4.27 (4H, m), 7.91-8.03 (IH, m) 
Mass (m/z) : 438 (M"^-l) 

(2) N-[2-[l-{2-( l-tert-butoxycarbonyl-4- 
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piperidylidene ) acetyl > - 3 -piperidyl ] acetyl ] -;3-alanine 
IR (Film) : 3200, 2925, 1680, 1550 cm~^ 
NMR (DMSO-dg, 5) : 1.09-1.41 ( 3H, m ) , 1.41 (SH, s), 
1.57-1.91 (4H, m), 1.96-2.00 (2H, m ) , 2,14-2,24 
(2H, m), 2.28-2.40 (3+1/2H, m) , 2.64-2.83 (IH, 
m), 2.91-3.06 (1/2H, m) , 3,19-3.46 (5H, m) , 
3.71-3,83 (IH, m), 4.02-4.25 (IH, lu) , 5,90 and 
5.96 (total IH, s), 7.69-8.03 (IH, m) , 12.17- 
12.24 (IH, br) 
Mass (m/z) : 438 (M"'"+l) 

(3) 4-[3-{3-( 1-tert-butoxycarbonyl- 4 -piperidyl ) - 
propionylainino}-l -piperidyl ] -4 -oxo-butyric acid 

IR (Film) : 3250, 2920, 1710, 1660, 1640, 1620 cm-^ 
NMR (DMSO-dg, 6 ) : 0.82-1,04 ■(2H, m), 1.38 (9H, s) , 
1.38-1.85 (IIH, m), 1.99-2,11 (2H, m) , 2.41-2.43 
{3H, m), 2.56-2.76 (2H, m), 2.98-3.12 (IH, m), 
3.60-3.76 and 4.09-4.20 (total 3H, m) , 3.85-3,96 
(2H, m), 7:73, 7.84 (total IH, d, J=8 . 0 and 
6.4Hz), 12.03 (IH, s) 
Mass (m/z) : 440 (M'^+1) 

( 4 ) N-[ 4-{3- ( l-tGrt-butoxycarbonyi-4- 

piperidyl ) propionyl > - 2-morpholinylcarbonyl ] -^-alanine' 
IR (Film) : 3400, 2980, 2920, 2880, 1710, 1640 cm-1 
NMR (DMSO-dg, S) : 0.84-1.08 (2H, m), 1.38 (9H, s), 
1.38-1.49 ( 3H, m), 1,59-1.70 (4H, m ) , 2.29-2.44 
(IH, m), 2.40 (2H, t, J=7 . GHz ) , 2,58-2.92 (3H, 
m), 3.09-3.56 (3H, m) , 3.70-3.98 (5+1/2H, m), 
4.41-4.51 (1/2H, m), 7,77-7.94 (IH, m) 
Mass (m/z) : 440 (M'^-l) 

(5) N-[l-{3-( l-tert-Butoxycarbonyl-4- 

piperidyl ) propionyl > - 3 -piperidyl ] succinamic acid 
IR (Film) : 3400, 1710, 1680, 1630 cm-l 
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NMR (DMSO-dg, 6) : 0.84-1.06 C2H, m), 1.26-1.31 (6H, 
1.38 {9H, s), 1,59-1.84 (4H, m), 2.20-2.46 
C6H, m), 2.57-2.74 (2H, m) , 2.91-3.08 (2H, m) , 
3.45-3,76 ( 2H, m) , 3.-84-3.96 ( 2H, m) , 7.76-7.92 
5 (IH, m), 12.00-12.06 (IH, br) 

Mass (m/z) : 340 (M'^+l-Boc) 

( 6 ) N-[ ( R) -l-{2-( 4-piperidyloxy)acetyl>-3- 
piperidylcarbonyl ] -;3-alanine trif luoroacetate 
1^^ [o^JS^ = 20.07° (C = 1.0, MeOH) 

I IR (Film) : 2940, 1760, 1820, 1660, 1630 cm~^ 

j NMR (DMSO-dg, 5) : 1.25-2.02 (8H, m), 2.10-2.16 ( IH, 

3 ni), 2.37 (2H, t,. J=6.8Hz), 2.55-2-. 71 (IH, m) , 

2.86-3.25 (7H, m ) , 3.59-3.72 ( 2H, lu } , . 4 . 07-4 . 31 
(3H, m), 7.99 (IK, t, J=5 . SHz ) , 8.42-8.60 ( 2H 
br) 

Mass (m/z) : 342 (M-^-^1) free of compound 
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.Example 15 

A mixture of N- [ ( R ) -i- ^ 3- ( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl > -3 -piperidylcarbonyl ] - 3 ( S ) -vinyl-/3- 
alanine ethyl ester (0.8 g) and PtOs ( 0 . 2 g ) in ethanol 
(10 ml) was hydrogenated at atmospheric pressure for 2 
hours. After the catalyst was removed by filtration, the 
filtrate was concentrated in vacuo to give N- [ ( R ) -i- { 3- ( i-. 
tert-bu toxycarbony 1 - 4 -piperidy 1 ) propionyl > - 3 - 

piperidylcarbonyl]-3(S)-ethyl-/3-aianine ethyl ester' (0.73 
g) as a colorless oil. 

IR (Film) : 3300, 1740, 1620 cm'l 

NMR (CDCI3, S) : 0.92 (3H, t, J=7 . 5Hz ) , 1.08-1.30 

(6H, m), 1.45 (9H, s), 1.52-2.03 (-IIH, m) , 2,33- 
2.74 (6H, m), 3.26-3.51 (2H, m) , 3.72 (2H, q, 
J=7.5Hz), 3.77-4.17 (5H, m) , 6.64-6.69 (IH, br) 



35 
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The solution of 4- [ 3 - { 3- ( l-t"erl:-butoxycarbonyl-4- 
piperidyl ) propionylamino} -1-piperidyl ] -4-oxo- 
2(S )benzyloxycarbonylaminobutyric acid tert-butyi ester 
(1.35 g) in tetrahydrof uran (10 ml) and methanol (10 ml) 
5 was added 10% Pd-C (0.27 g, 50% wet) was hydrogenated at 

atmospheric pressure for 6 hours. After the catalyst was 
removed by filtration/ the filtrate was concentrated in 
vacuo to give 4- [ 3- { 3- ( l-tert-butoxycarbonyl-4- 
^ piperidyl ) propionylamino } - 1-piperidyl ] -4 -oxo-2 ( S ) - 

Clio aminobutyric acid tert-butyi ester (1.07 g) as an oil. 

m ' (Film) : 2970, 2930, 2880, 1720, 1650 cm'^ 

=f= NMR (CDCI3, 5) : 0.97-1.20 ( 2H, m), 1,45 (18H, s), 

p5 1.33-1.84 ( 9H, m), 2.15-2.46 (2H, m) , 2.53-2.76 

r (3H, m), 2.85-3.60 ( 5H, m) , 3.70-4.40 (4H, m) , 

f:Jl5 7,35 (IH, s) 

fli Mass (m/z) : 511 (M'^+l) 

Example 17 

To a mixture of thioanisole (13,7 ml) and m-cresol 
20 (12.2 ml) in tetrahydrof uran (150 ml) was added N-[(R)-1- 

{ 2- ( l-benzyloxycarbonyl-4-piperidyloxy ) acetyl}-3- 
piperidylcarbonyl] -3-ethynyl-P-alanine ethyl, ester (1.54 
g). After stirring at ambient temperature for 2 hours, 
the mixture was poured into water and washed with diethyl 
25 ether. The extract' was purified by HPLC on C18 silica gel 

eluting with (0.1% TFA aqueous solution : CH3CN = 4 :-l ) to 
give N-[ (R)-l-{2-(4-piperidyloxy)acetyl>-3- 
piperidylcarbonyl] -3-ethynyl-3-alanine ethyl ester 
trif luoroacetate as an oil (0.17 g). 
30 NKR (DMSO-dg, 6) : 1.78 and 1.18 (total 3H, t, J=7 . 1 

and 7, OHz), 1.29-2.71 (lOH, m), 2.65 (IH, d, 
J=7.2H2), 2.90-3-2 {5H, m) , 3.57-3.63 (3H, m) , 
4.01-4.39 (7H, m), 4.80-4.90 (IH, m) , 8.45-8.56 
(IH, m) 

35 Mass (m/z) : 394 (M'^'+l) free of compound 
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Example Ifl 

A mixture of N-nR)-l-{3-( l-tert-butoxycarbonyl-d_ 
ptperidyl ) propionyl > -3 -piperidylcarbonyl ] -3 ( S ) - ( 4- 
methoxyphenethylamino)carbonyl-|3-alanine benzyl ester rO 9 
g) and 10% Pd-C (0.2 g, 50% wet) in acetic acid (lo rul ' 
was hydrogenated at atmospheric pressure for 3 hours 
After the catalyst was removed by filtration, the filtrate 
was concentrated in vacuo. The residue was poured into 
water and extract with ethyl acetate. The extract washed 
w.th water, brine and dried over MgSO. , and evaporated- in 
vacuo. To give N- [ ( r ) -i_ ^ 3- ( 1-tert-butoxycarbonyl ) -4- 
piperidyl ) propionyl } -3 -piperidylcarbonyl ] -3 ( S ) - ( 4 - 
methoxyphenethylamino)carbonyl-P-alanine as an oil (0 79 

g) • 

IR (Film) : 3390, 2930, 1710, 1645 cm"! 
NMH (DMSO-dg, 5) : Q. 80-1. 10 (3H, m), 1.30-1.84 (9H, 
1-38 (9H, s), 1.91-1.99 (2h, m), 2.15-2.40 
(3H, m), 2.58-2.69 (4H, m) , 2.88-3.26 (5H, m) , 
3^71 (3H, s), 3.76-4.53 (3H, m) , 6.84 ( 2H, d, ' 
J-8.4H2), 7.11 (2H, d, J=8.3H2), 7.93-8.02 (IH, 
n>), 8.09-8.18 (IH, m) , 12.11-12.28 (IH, br) 
Mass (m/z) : 517 («++!) 

Example 1 q 

(1) Thionyl Chloride (0.05 ml) was added to ethanol (1 
ml) under stirring at -IQOC. After stirring at -10»C for 
10 minutes, (R)-l-{3-li.pLper±dyl)provlonyly-3- 
piperidylcarbonyl ] - 3 ( R ) - ( 3-methoxyphenethyl ) -P-alanine 
hydrochloride (100 mg) was added. The mixture was stirred 
at ambient temperature for 2 hours, and evaporated in 
vacuo. The residue was dissolved in water and desalted by 
HP-20 eluting with (IPA:water = 1:1) to give N-[(R)-l-{3- 
( 4 -pxperidyl ) propionyl } - 3 -piperidylcarbonyl ] - 3 ( R ) - ( 3 - 
methoxyphenethyl-p-aianine ethyl ester (80 mg) 

NMR (DMSO-dg, S) : 1.15 (3h, t, J=7 . IH3 ) , 1.19-1 93 



#' 
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(12H, m), 2.10-3.19 (14H, m) , 3.72 {3H, s), 
3.96-4.05 (5H, m) , 4.12-4.39 (IH, m), 6.72-6.75 
(3H, m), 7.14-7,22 (IH, m) , 7.89 (IH, d, 
J=8 . 2Hz) 
Mass (m/z) : 502 (M'*'-^l) 

The following compound was obtained according to a 
similar manner to that of Example 19 ( I) . 

( 2 ) N-[ (R) -l-{3-( 4-piperidyl)propionyl}-3- 
. piperidyicarbonyi]-3(S)-ethynyl-0-alanine methyl 
ester hydrochloride 

IR (Film) : 3300, 2950, 1725, 1640, 1620 cm"! 

NMR (DMSO-dg, 5) : 1.20-1.87 (12H, m) , 2.14-2.42 

(3H, m), 2.60-3.29 (7H, m) , 3.16 (3H, s), 3.59- 
3.84 (2H, m), 4.10-4.40 (IH, m) , 4.77-4.92 ( IH, 
m) , 8.51 and 8.61 (total IH, d, J^B.O and 
8.3Hz), 8.74-8.90 (IH, br) , 9.05-9.15 (IH, br ) 

Mass (m/z) : 378 (M''"+l) free of compound 



Example 20 

To a solution of N- [ ( R ) - 1- { 3- ( l-benzyloxycarbonyl-4- 
piperidyl ) propionyi}-3-piperidylcarbonyl] -2 ( S ) -amino-fi- 
alanine ethyl ester hydrochloride (250 mg) in 
tetrahydrofuran (2 ml), ethanol (2 ml) was added a 
solution of lithium hydroxide (17 mg) in water ( 2 ml ) 
under stirring at 0°C. After stirring at ambient 
temperature for 1 hour, the mixture was evaporated in 
vacuo. The residue was purified by HPLC on C18 silica gel 
eluting with a solution of 40% CH3CN in 0.1% aqueous 
trif luoroacetic acid solution. The fractions containing 
object compound were combined and evaporated in vacuo, and 
freeze-dried to give N- [ ( R ) -1- { 3- ( l-ben2yloxycarbonyl-4 - 
piperidyl ) propionyl > -3 -piperidylcarbonyl ] - 2 ( S ) -amino-|3- 
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alanine trif luoroacetate (230 mg) . 

IR (Nujol) : 1770, 1730, 1650 cm"^ 

NMR (DMSO-dg, 6) : 0.87-1.14 (2H, m), 1.24-1.56 (4H, 
m), 1.60-1.91 {4H, m) , 2.09-2.17 (3H, m) , 2.59- 
3.23 (5H, m), 3.32-3.84 (2H, m) , 3.93-4,04 (4H, 
m), 4.13-4.43 (IH, m) , 5.06 (2H, s), 4.88-5.28 
(IH, br ), 7.27-7.40 (5H, m) , 8.14-8.28 (3H, m) 

Mass (m/z) : 489 (M'^-!-l) free of compound 

Example 21 

(1) A solution of N- [ ( R ) -1- { 3- ( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl } -3-piperidylcarbonyl ] -3-ethynyl-^3- 
alanine (1.12 g) in ethyl acetate (12 mi) was added 4N HCl 
in ethyl acetate (6.04 ml) under stirring at CC, After 
stirring at ambient temperature for 2 hours , and 
evaporated in vacuo. The residue was purified by HPLC on 
CIS silica gel column eluting with (0.1% trif luoroacetic 
acid aqueous solution (TFA):CH3CN = 89:11) to give one 
isomer of N-[ (R) -l-{3-( 4-piperidyl)propionyl>-3- 
piperidylcarbonyl ] -3 ( S ) -ethynyl-f3-alanine trif luoroacetate 
[[a]20 -31. 630 (c=1.0, MeOH) : object compound (1)] (0.32 
g) and the other isomer [[aJ^O -1,4-7° (C=1.0, MeOH) : 
object compound (2)] (0.35 g). 

object compound (1)^. 

IR (Film) : 3270, 2930, 1720, 1630 cm"^ 
NMR (DMSO-dg, 6) : 1.15-1.73 (8H, m), 1.81 {3H, d, 
J=13.6H2), 2. 08-2. 37 ( 3H, m) , 2.59 (2H, d, 
J=8.8Hz), 2, 69-2. 93 ( 3H, m), 2.97-3.28 (4H, m) , 
3.68-3.83 (2H, m) , 4.10-4.34 (IH, m) , 4.75-4,89 
(IH, m), 8.14-8.30 (IH, br ) , 8.39-8,46 (IH, m) , 
8.50-8.61 (IH, br) 
Mass (m/z) : 364 (M'^+l) free of compound 



object compound (2) 
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IR (Film) : 3230, 2930, 1725, 1620 cm-1 
NKR {DMSO-dg, 6) : 1.14-1.66 (8H, m ) , 1.81 ( 3H, d, 
J=13.8Hz), 2.08-2.43 ( 3H, m) , 2.58 (2H, d, 
J=7.6H2), 2.69-3.00 (5H, m ) , 3.10-3.29 (4H, m) , 

3.69- 3.85 (IH, m), 4.04-4.15 and 4.31-4.42 
(total IH, m); 8.11-8.27 (IH, br), 8.40-8.45 
(IH, m), 8.44-8.59 (IH, br ) 

Mass (m/z) : 364 (M'^+1) free of compound 

As a result of further study, we identified the 
object compound (1) with N- [ ( R ) -1- { 3- ( 4-piperidyl ) - 
propionyl >-3-piperidylcarbonyl ] - 3 ( S ) -ethyny-l-P -alanine 
trif luoroacetate and identified the object compound (2) 
with N-[ (R)-l-{3-(4-piperidyl)propionyl}-3-piperidyl- 
carboyl ] -3 ( R) -ethynyl-|3-alanine trif luoroacetate . 

The following compounds were obtained according to a 
similar manner to that of Example 21 { 1) . 

( 2 ) ( 3R ) -N- [(R)_i_{3_(4 -Piperidyl ) propionyl } - 3- 

piperidylcarbonyl ] -3-methyl-P-alanine hydrochloride 
mp : 105-108°C 

IR (Nujol) : 1720, 1620, 1605 cm"! 

NMR (DMSO-dg, 6) : 1.04-1.09 (3H, m) , 1.28-1.83 

(12H, m),' 2.06-2.49 (5H, m) , 2 . 58-3 . 23 '( 6H, m) , 

3.70- 3.83 (IH, m), 4.16-4.33 (IH, m), 7.'94 (IH, 
dd, J=17 and 7 . 8Hz ) , 8.71-8.98 (IH, m) , 9.01- 
9.20 (IH, m) 

Mass (m/z) : 354 (M'^'+l) free of compound 
Elemental Analysis C j_7H29N304 • HCl • 1 . 25AcOEt * 1 . 6H2O ( % ) 

Calcd. : C 51.32, H 8.46, N 8.16 
Found : C 51.22, H 8.77, N 7.92 

(3) N-[(R)-i-{3-(4 -piperidyl ) propionyl } -3 - 

piperidylcarbonyl ] -|3-alanine hydrochloride 
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C°']g° -24.3° (C=1.0, MeOH) 
rap : 84°C 

IR (Nujol) : 3320, 1700, 1550 cm-1 

NMR (DMSO-dg, S) : 1.21-1.55 (7H, m), 1.80 (3H, d 

J-13.2H2), 2.29-2.41 (4H, m) , 2.56-3.07 (4H, L) 
3.15-3.26 (4H, m) , 3.70-3.85 (IH, m) , 4. 13-4. 37' 
(4H, m), 7.97-8.10 (IH, m), 8.60-3.76 ( IH, br) 
8.91-9.03 (IH, br) 
Mass (m/z) : 340 (M++1) free of compound 
Elemental Analysis 7H2 gN304 • HCl • 1 . 5AcOEt • 3H2O (%) 

Calcd. : C 49.15, H 8.61, N 7.48 
Found : C 49 . 08 , H' 8 . 23 , N 7 . 29 

) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 

piperidylcarbonyl ] -3 ( S ) - ( 4-methoxyphenethyl- 
aininocarbonyl)-j3-alanine hydrochloride 
[a]§0 = -19.07°C (C=1.0, MeOH) 
mp ; 82°C 

IR (Nujol) : 3280, 1725, 1530, 1600 cm-1 

NMR (DMSO-dg, S) : 0.99-1.69 (lOH, m), 2.11-2.82 

(IIH, m), 2.94-3.09 (4H, m), 3.49 (3H, s), 3.86- 
4.30 (4H, m), 6.63 (2H, d, J=8.4H2), 6.90 (2H, 
d, J=8.5Hz), 7.81-8.19 (2H, m), 8.41-8.68 (IH,' 
br), 8.71j8.85 ( IH, br) 
Mass (m/z) : 515 («+-!) free of compound • 

N- [ ( R ) -1- {• 3 - ( 4 -piperidyl ) propionyl } -3 - 
piperidylcarbonyl ] -3 (R) -phenethyl-3-alanine 
hydrochloride 

[a]g5 = -32.33= (C=1.0, MeOH) 

IR (Nujol) : 3300, 1700, 1620 cm"! 

NMR (DMSO-dg, 6) : 1 . 03-1 . 91 . ( 13H, m)., 2.06-3.07 

(IIH, m), 3.12-3.24 (2H, m) , 3.70-3.90 (IH, m) , 
3.98-4.38 (2H, m) , 7.16-7.51 (5H, m), 7.93-8.05 
(IH, m), 8.71-9.01 (12H, m) , 9.08-9.20 ( IH, br) 
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Mass (m/2) : 444 (M^-^^j f^ee of compound 
Elemental Analysis C25H37N3O4 -HCl ■ 2 . 7H2O 

Calcd. : C 56.80, H 8.27, N 7.95 
Found : C 56.94, H 8.01, N 7,53 

) N-[ (R)-l-{3-(4-piperidyl)propionyi>-3- 

piperidylcarbonyl ] -3 ( R ) - ( 4-methoxyphenethyl ) -f3- 

alanine hydrochloride 

[a]§0 = 43.1° (C = 1.0, iMeOH) 

IR (Nujol)- : 1715, 1620, 1600 cm"! 

NMR (DMSO-dg, 6) : 1.22-1,86 (12H, m), 2.11-3.24 

(12H, m), 3.71-4.36 (5H, m), 3.71 (3H, s), 6.82 
{2H, d, J=8.6Kz), 7.08 (2H, d, J=8 . 5Hz ) , 7.90 
(IH, t, J=8.8Hz), 8.63-8.74 (IH, br), 8.90-9.01 
(IH, br) 

Mass (ra/z) : 474 (M^+l) free of compound 

Elemental Analysis .C26H3gN305 •HCl - 2H2O 

Calcd. : C 57.19, H 8.12, N 7.69 
Found : C 56.82, H 8.17, N 7.51 

N-[ (R) -l-{3-(4-piperidyl)propionyl>-3- 
piperidylcarbonyl ] -2- ( 2-piperidyl ) acetic acid 
hydrochloride 

IR (Nujol) : 3350, 1705, 1600 cm"! 

NMR (DMSO-dg, h) : 1.27-1.83 ( 16H,. m), 2.23-2.40 

(2H, m), 2.56-3,23 ( 6H, m) , 3.70-4.55 (8H, m) , 
4.87-5.02 (IH, m), 8.65-8.84 ( IH, br ) , 8.96-9.10 
(IH, br) 

Mass (m/2) : 394 (M+-H1) free of compound 

N- [ 4-{ 3- ( 4-piperidyl ) propionyl > -2- 
morpholinylcarbonyl ] -/3-alanine hydrochloride 
IR (Nujol) : 3300, 1705, 1625 cm"! 

NMR (DMSO-dg, 6) : 1.29-1.50 ( 5H, m), 1.77-1.83 (2H, 
m), 2.30-2.60 (4H, m) , 2.70-2.94 (2+1/2H, m) , 
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3.08-3.35 (5+1/2H, m) , 3.40-3.57 ( IH, m) , 3.72- 
4.05 (3+1/2H, m), 4.43-4.49 {1/2H, m) , 7.79-7.97 
(IH, m), 8.73-8.89 (IH, br ) , 9.04-9.16 ( IH, br) 
Mass (m/z) : 342 {M'*" + l) free of compound 

(9 ) N-[ (R)-l-{3-( 4-piperidyl)propionyl>-3- 
piperidylcarbonyl ] -3-phenyl-^-alanine hydrochloride 
mp : 67°C 

IR (Nujol) : 1710, 1630, 1600 cm-l 

NMR (DMSO-dg, 5) : 1.24-1.91 (lOH, m), 2.10-2.41 

(3H, m), 2.59-3.09 (5H, m) , 3.14-3.25 (2H, m) , 
3.63-3.86 {IH, mi), 4.08-4.41 (lH,',m), 5.18 (IH, 
q, J=7.8Hz), 7.20-7.27 (IH, m) , 7.31 (5H, s), 
8.49-8.66 (IH, m), 8.80-8.94 (IH, br ) , 9.06-9.20 
(IH, br) 

[n ^^^^ (m/z) : 416 (M++1) free of compound 
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N-[(R)-l-{3-(4 -p i per idyl ) propiony 1 > - 3 - 
piperidylcarbonyl ] - 3 ( R ) - ( 3 , 4-dimethoxyphenethyl ) 
alanine hydrochloride 
[a]gO = -13.33*' (C = 1.0, MeOH) 
IR (Nujol) : 1730, 1635 cm'^ 

NMR (DMSO-dg, 6) : 1.01-1.50 (9H, m), 1.66-1.83 (8H, 
m), 1.83-3,23 (IIH, m) , 3.71 (3H, s), 3.73 (3H, 
s), 4.15-4,^38 (2H, m) , 6.65-6.69 (IH, m) , 6.77- 
6.85 (2H, m), 8.88-9,02 (IH, br) , 9. 15-9-. 25 (IH," 
br) 

Mass (m/z) : 504 (M"^+i) free of compound 

11) N-[(R)-i-{3_(4 -piperidy 1 ) propionyl > - 3 - 

piperidylcarbonyl } -3 ( S ) - ( 3-met:hoxyphenel:hyl ) -0- 

alanine hydrochloride 

IR (Nujol) : 1710, 1600, 720 cm"! 

NMR (DMSO-dg, S) : 1.13-2.00 (14H, m) , 2.01-3.70 

(9H, m), 3.17-3,29 (2H, m) , 3.73 (3H, s), 3,97- 
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4.08 (IH, m), 4.10-4.37 (IH, m ) , 6.74 (3h, d 
like), 7.18 (IH, t like), 7.92 { IH, t like), 
8.72 (IH, br), 8.99 (IH, br) 
Mass (m/2) : 474 (M^+i) free of compound 

(12) N-[(R)-i-^3_( 4-piperidyl ) propionyl > -3- 

piperidylcarbonyl ] -2 ( S ) -benzoylamino-^i^alanine 
hydrochloride 

IR (Nujol) : 3100, 1725, 1630 cm"! 

NMR (DMSO-dg, 5) : 1.2-1.85 (12H, rn ) , 2 . 2 7 - 2 . 3 6 ( 2H , 
m), 2.-57-3.10 (4H, m), 3.12-3.25 (2H, m) , 3.39- 
3.82 (3H, m), 4.07-4.59 (3H, m), 7.45-7.56 (3h, 
m), 7.87-7.91 (,2H, m) , 8.22-8.40 (IH, m) , 8.65- 
8.75 (IH, m), 8.89-9.02 (IH, m) 

Mass (iu/2) : 459 (M^-M) free of compound 

(13) N-[(R)-i-{3-(4 -piperidyl ) propionyl > - 3 - 
piperidylcarbonyl ] -3 ( R) - ( 3-trif luoromethylphenethyl ) - 
3-alanine hydrochloride 

mp : 118°C 

= -21.4° (C-1.0, MeOH) . 
IR (Nujol) : 3300, 1715, 1630, 1610 cm"! 
NMR (DMSO-dg, 6) : 1.23-2.13 (14H, m) , 2.35-2.45 

(5H, m), 2.61-2.83 (5H, m) , 3.15-3.28 (2H, m) , 
3.72-3.89 UH. m) , 3.99-4.10 (IH, m) , 4.15-4.41 
(IH, m), 7,49-7.55 (4H, m) , 7.94-8.05 (IH, m) , 
8.75-8.93 (IH, m) , 9.03-9.17 (IH, m) 
Mass (m/z) : 512 (M++1) free of compound 
Elemental Analysis C26H36F3N3O4 • HCl . 1 , 8H2O 

Calcd. : C 53.80, H 7.05, N 7.24 
Found : C 53.72, H 7.10, N 7.02 

(14) N-[{R)-i-^3_(4 -piperidyl ) propionyl } - 3 - 

piperidylcarbonyl ] -2 ( S ) -phenylsulf onylamino-P-alanine 
hydrochloride 
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= -14.23^ {C=1.0, MeOH) 
IR (Nujol) : 1720, 1630 cm-^ 

^fMR (DMSO-dg, 6) : 1.21-1.83 (IIH, m), 2,04-2.37 

(3H, m), 2.70-3,40 ( 7H, m) , 3.74-3.91 (2H, m) , 
5 4.12-4.39 (2H, m), 7.55-7.62 (3H, m), 7.75-7.79 

(2H, ru), 8.01-8.26 (2H, m), 8.50-8.66 (IH, br ) , 
8.82-8.94 (IH, br ) 
Mass (m/z) : 495 {M^^l) free of compound 

Jjf-O (15) N-[ (R)-l-{3-{4-piperidyl)propionyl>-3- 

f[] Piperidylcarbonyl ] -3 ( R ) - { 2-methoxyphenethyl ) -/3- 

alanine hydrochloride 
ry t^lS^ = -17.73° (C=1.0, MeOH) 

(Nujol) : 1725, 1640, 1600 cm-l 
1^ ^ (DMSO-dg, 5) : 1.21-1.91 (16H, m) , 2.30-3.24 

fy f^^"' "^)' ^-^S (3H, s), 3.70-3.89 (IH, m) , 4.12- 

%S ^'^^ (If^' 6.81-6.94 (2H, m) , 7 .07-7.20 ( 2H, 

R 7.84-7.94 (IH, m), 8.60-8.75 (IH, br) , 8.91- 

9,03 (IH, br) 

^^^^ ("^/2) : 474 (M+-K1) free of compound 

(16 ) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 

piperidylcarbonyl ] -2 ( S ) - ( n-butanesulf onylamino ) 
alanine hydrochloride 

= -31.3-/° (C=1.0, MeOH) 
IR (Nujol) : 1715, 1620 cm'^ 

NMR (DMS0-d5, 5) : 0.88 (3H, t, J=7 . 2H2 ) , 1.14-1.89 
(15H, m), 2.29-2.40 ( 2H, m) , 2.77-3.06 (6H, m), 
3.19-3.27 {2H, m) , 3.77-4.41 (5H, m) , 7.51-7.60 
(IH, m), 8.04-8.18 (IH, m) , 8.43-8.18 (IH, m) , 
8.43-8.60 (IH, br), 8.73-8.86 (IH, br ) 
Mass (m/z) : 475 (M'^'+l) free of compound 
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(17) ^-[{^)'l-{2~(3~pi,pe:oLdiYl)propi.onyl}'3- 

piperidylcarbonyl ] - 3 ( R ) - ( 3 , 4-methylenedioxy- 



- 131 - 



phenethyl ) -^-alanine hydrochloride 
[ajg^ : -17.27'= (C = 1.0, MeOH) 

IR (Nujoi) : 1725, 1685, 1620 cm'^ 

NMR (DMSO-dg, S) : 0.84-1.50 (6H, m), 1.59-1.91 ( 6H 
m)., 1.06-3.28 {12H, m) , 3.60-4.27 (5H, m) , 4.30 
4.40 (IH, m), 5.95 C2H, s), 6.59-6.63 (IH, m) , 
6.75-6.81 {2H, m), 7.84-7.90 (IH, m) 
Mass (m/z) : 488 (M^+l) free of compound 
Elemental Analysis C26H37N3O6 -KCl - l/4EtOAc - l . 4H2O 

Calcd. : C 56.77, H 7.55, N 7.36 
Found : C 5 6 . 8 1 , H .7 . 6 9 , N 7 , 1 1 

(18 ) N-[ (R)-l-{3-{4-piperidyl)propionyl>-3- 
piperidylcarhonyl ] -3 ( S ) -ethynyl-{3-alanine 
hydrochloride 

IR (KBr) : 3425, 3250, 1726, 1638, 1614 cm-1 
NMR (DMSO-dg, 5) : 1.27-1.83 (IIH, m), 2.08-2.32 

(3H, m), 2.58-3.09 (5H, m) , 3.18-3.22 ( 3H, m), 
3.75-3.80 (IH, m), 4.08-4.32 (IH, m) , 4.79-4.82 
(IH, m), 8.42-8.54 ( IH, m) , 8.75 (IH, br) , 9.04 
(IH, br) 

Mass (m/z) : 364 (M-^+1 ) free of compound 

(19) N-[l-{3-(4-piperidyl)propionyl>-3- 
piperidyljsuccinamic acid hydrochloride 
IR (Nujoi) : 3200, 1710, 1620 cm"! 

NMR (DMSO-dg, 5) : 1.25-1.52 (7H, m), 1.69-1.86 (4H, 
m), 2.21-2.46 (6H, m), 2.69-3.06 (4H, m), 3.15- 
3.26 (2H, m), 3.47-3.84 (2H, m) , 4.14-4.24 (IH,' 
m), 7.80-7.97 (IH, m) , 8 . 64-8 . 78 (IH, br) 8.95- 
9-06 (IH, br) 

Mass (m/z) : 340 (M^^+i) free of compound 



( 20 ) N- [ ( R ) -1- { 3- ( 4-piperidyl ) propionyl > -3- 
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piperidylcarbonyl ] -3 ( S ) -propargylaminocarbonyl-P- 

alanine hydrochloride 

[cx]§0 = -11. 9*" (C = 1.0, MeOH) 

IR (Nujol) : 1735, 1640 cm-^ 

NHR (DMSO-dg, 6) : 1.21-1.69 (7H, m), 1.75-1.86 ( 3H, 
m), 2.06-2.40 (3H, m) , 2.56-3.04 (5H, m) , 3.17- 
3.26 (4H, m), 3.68-3.87 (3H, m) , 4.08-4.56 (3H, 
m), 8.11-8,30 (IH, m), 8.34-8.50 (IH, m) , 8-60- 
8.73 (IH, br), 8.90-9.02 (IH, m) 

Mass (m/z) : 421 (M'^ + l) free of compound 

) 4- [ 3- { 3- ( 4 -piper idyl ) propionylamino } -1 -piper idyl ] -4- 
oxo-butyric acid hydrochloride 
IR (Nujol) : 1735, 1700, 1610 cm-^ 

NMR (DMSO-dg, 5} : 1.25-1.50 (9H, m ) , 1.71-1.83 (.4H, 
m), 2.06-2.16 ( 2H, m ) , 2.39-2.46 (SH, m) , 2.70- 
2.87 (2H, m), 2.96-3.08 (IH, m) , 3.15-3,25 (2H, 
m), 3.52-3.76 ( 2H, m) , 4.08-4.16 (IH, m) , 7.84, 
7.95 (total IH, d, J=7 . 8 and 6 . 5Hz ) , 8.73-8.88 
(IH, br), 9.00-9.10 (IH, br) 

Mass (m/2) : 340 (M"^ + l) free of compound 

) N-[ (S ) -l-{3-( 4-piperidyl )propionyl>-3-piperidyl- 
carbonyl ] - 3 ( R ) -ethynyl-^-alanine trif luoroacetate 
[otjgO = 35. 7*^' (C=0.65, MeOH) 

IR (Film) : 3250, 2930, 2850, 1760, 1700, 1610 cm"! 

NMR (DMSO-dg, 5) : 1.14-1.84 (IH, m), 2.09-2.40 ( 3H, 
m), 2.57-3.28 (9H, m) , 3.69-3.83 (IH, m) , 4.08- 
4.33 (IH, m), 4.75-4.86 (IH, m) , 4.14-8.29 (IH, 
br), 8.38-8.47 (IH, m), 8.49-8.60 (IH, br ) 

Mass (m/z) : 364 (M"*'+l) free of compound 

and 

N-[ (S) -l-{3-( 4-piperidyl)propionyl}-3 -piperidyl- 
carbonyl ] -3 ( S ) -ethynyl-i3-alaninetrif luoro acetate 
IR (Film) : 3250, 2930, 2850, 1740, 1700, 1610 cm"^ 



NMR (DMSO-dg, 5) : 1.15-1.85 (IIH, m), 2.05-2.40 

(3K, m), 2.55-3.00 (6H, m) , 3.11-3.28 (3H, m) , 
3.70-3.88 (IH, m), 4.05-4.15 and 4.30-4.44 
(total IH, m), 4.75-4.90 (IH, m) , 8.15-8.30 ( IH, 
br), 8.40-8.49 (IH, m) , 8.49-8.60 (IH, br) 

Mass (m/z) : 364 (M"'"+l) free of compound 

Example 2 2 

A mixture of N- [. l-{ 2- ( l-benzyloxycarbonyl-4- 
piperidyloxy) acetyl }-3-piperidylcarbcnyl ] -13-alanine (1.16 
g) and 10% Pd-C (0.23 g, 50% wet) in a solution of IN HCl 
(2.44 mi) and tetrahydrof uran (20 ml) was hydrogenated at 
atmospheric pressure for 2 hours. After the catalyst was 
removed by filtration, the filtrate was concentrated in 
vacuo and freeze-dried to give N-[l-{2-(4- 
piperidyloxy) acetyl } -3-piperidylcarbonyl ] -^-alanine 
hydrochloride (0.69 g). 

IR (Nujol) : 3290, 1700, 1625 cm'^ 

NMR (DMSO-dg, S) : 1.15-2.09 (9H, m) , 2.11-2.69 (2H, 
m), 2.84-3.25 (8H, m) , 3.56-3.74 (2H, m) , 4.07- 
4.32 (3H, m), 8.06-8.24 (IH, m) 
Mass (m/z) : 342 (M"^+l) free of compound 
Elemental Analysis C3_5H27N305 -HCl • 1 . 8H2O (%) 

Calcd. : C 46.84, H 7.76, N 10.24 
/ Found : C 47.09, H 7:46, N 9.91 

Example 2 3 

(1) A mixture of n- [ ( R ) -1- { 3- ( l-benzyloxycarbonyl-4- 
piperidyl)propionyl>-3-piperidylcarbonyl ] -2 ( S ) - 
acetylamino-f5-alanine (67 mg) and 10% Pd-C (15 mg, 50% 
wet) in a mixture of IN HCl (0.13 ml) and tetrahydrof uran 
(2 ml) was hydrogenated at atmospheric pressure for 1 
hour. After the catalyst was removed by filtration, the 
filtrate was concentrated in vacuo. The residue was 
dissolved in water (5 ml) and then freeze-dried to give 
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N-[(R)-l-{3-( 4-piperidyl ) propionyi } -3 -piperidylcarbonyi ] - 
2 ( S ) -acetyiainino-i3-alanine hydrochloride (50 mg ) . 
= -21.37° (C=0.75, MeOH) 
IR (Nujol) : 1720, 1640, 1610 cm-^ 

NMR (DMSO-dg, 5) : 1.20-1.82 (12H, m), 1.85 (3H, s), 
2.10-2.43 (5H, m), 2.59-3.27 (4H, m), 3.74-3.83' 
(2H, m), 4.14-4.37 (2H, m) , 8.02-8.19 (2H, m) , 
8.42-8.59 (IH, br) , 8.72-8.84 (IH, br ) 

iMass (m/2 ) : 397 (M"^-M) free of compound 

The following compounds were obtained according to a 
similar manner to that of Example 2 3 f 1 ^ . 



[Jj ( 2 ) N-[ 2- [ l-{ 3- ( 4-piperidyl) propionyi} -3- 

'^^^ Piperidyl] acetyl] glycine hydrochloride 

O (Film) : 3350, 2940, 1715, 1630 cm"! 

flj (DMSO-dg, 5) : 1.11-1.82 (12H, m), 2.00-2.11 

§ m), 2.24-2.40 (2H, m) , 2.62-3.03 (4H, m) , 

^•20 (2H, d, J=12.6Hz), 3.64-3.82 (3H, m) , 4.07- 
4.24 (IH, m), 8.25-8.35 (IH, m) , 8.75-8.91 (IH, 
br), 9.09-9.20 (IH, br ) 
Mass (m/2) : 340 (M'^ = l) free of compound 

(3) N-[l-{3-(4 -piperidy 1 ) propionyi } -3 -piper idylcarbony 1 ] - 
2^ 3-methyl-3-aiafiine hydrochloride 

IR (Nujol) : 3250, 1705, 1610 cm"! 

NMR (DMSO-dg, 6) : 1.04-1.09 (3H, m), 1.28-1.83 

(IIH, m), 2,10-3.44 (9H, m), 3.71-3.83 (IH, m) , 
3.98-4.34 ( 2H, m) , 7.86-7.96 (IH, m) , 8.74-8.87 
(IH, m) , 9.01-9.15 (IH, m) 
Mass (m/2) : 354 (M"^+1) free of compound 



( 4 ) N-[ (R) -l-{ 2- ( 4-piperidyloxy) acetyl }-3-piperidyl- 
carbonyi] -3-alanine ethyl ester hydrochloride 
(Film) : 2930, 1720, 1625 cm"! 
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NMR {DMSO-dg, 5) : 1.18 (3H, t, J=7 , iHz ) , 1.46-2.47 
(IIH, m), 2.60-2.70 ( IH, m) , 2.86-3.27 ( 8H, m) , 
3.55-3.72 ( 2H, m ) , 4.05 ( 2H, q, j=7 . IHz ) , 4.17- 
4.30 (2H, m), 8.06-8.21 (IH, m), 9.00-9.14 ( 2H 
br) 

Mass (m/z) : 370 (M"^-M) free of compound 

(5) N-[l-{3-(4 -piperidyl } propionyl > - 1 , 2 , 3 , 4 -tetrahydro- 3 - 
quinolylcarbonyl ] -/3-aianine hydrochloride 

IR (Film)- : 3450 , 3930, 1720, 1630 cm'^ 

NMR (DMSO-dg, 5) : 1.12-1.89 (9H, m ) , 2.10-2.21 (2H, 
m), 2.39 (2H, d, J=6.7Hz), 2.70-3 . 84 ( 7H, m) , 
4.26 (2H, t, J=7.0Hz), 7.06-7.20 (4H, nr) , 8.13- 
8.24 (IH, m) 

Mass (m/z) : 386 (M+-1) free of compound 

( 6) N-[ (S)-l-{2-(4-piperidyloxy)acetyl>-3- 
piperidylcarbonyl ] -/^-alanine hydrochloride 
IR (Film) : 3290, 2920, 1710, 1620 cm"! 

NMR (DMSO-dg, 5) : 1.24-2.07 C9H, m), 2.11-2.69 (2H, 
m), 2.89-3.27 (8H, m) , 3.57-3.74 (2H, m) , 4.07- 
4.30 .(3H, m), 8.03-8.87 (lH,'m) 

Mass (m/z) : 342 (M++1) free of compound 

(7) N-[ (R)-i-{3-(4-^piperidyl)propionyl>-3- 
piperidylcarbonyl ] -2 ( S ) - ( n-hexanoylamino ) -3-alanine 
hydrochloride 

[a]gO ^ _27.7° (C=1.0, MeOH) 
mp : 156-157°C 

IR (Nujol) : 3200, 1720, 1660, 1600 ctr-I 
NMR (DMSO-dg, 5) : 0.85 (3H, t, J=6 . 5Hz ) , 1,55-1.88 
(17H, m), 2.10 (2H, t, J-7 . 4Hz ) , 2.27-3.82 (12H, 
m)r 4.14-4.35 (2H, m) , 7.97-8.10 ( 2H, m), 8.37- 
8.51 (IH, br), 8.69-8.89 (IH, br) 
Mass (m/z) : 453 (M"*"+l) free of compound 
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(8) N-[(R)-i-{3-{4 -piperidyl ) propionyl > - 3 - 
piperidylcarbonyl ] - 2 ( S ) - ( 4 -chlorobenzoylamino ) -f3- 
alanine hydrochloride 

[a]gO = -35.6^ (C = 1.0, iMeOH) 

IR (Nujol) : 3200, 1730, 1710, 1640 cm-l 

NMR {DMSO-dg, S) : 1.16-1.85 (llH, m), 2.11-2.34 

(3H, m), 2.60-3.25 (6H, m) , 3.34-3.82 (3H, m), 
4.18-4.35 (IH, m), 4.44-4.54 ( IH, m) , 7.44-7.59 
(2H, m), 7.84-7.92 ( 2H, m ) , 8.18-8.31 ( IH, m) , 
3.41-8.55 (IH, m), 8.60-8.83 (2H, m) 
Mass (m/2 ) : 493 (iM^+l) free of compound 

(9 ) N-[ (R)-l- {3- (4-piperidyl) propionyl} -3- " 
piperidylcarbonyl ] -2 ( S ) - ( 4 -methoxybenzoylamino ) -^3- 
alanine hydrochloride 

[ct]gO = -31.8° {C = 1.0, iMeOH) 

IR (Nujol) : 3210, 1720, 1620, 1600 cm-1 

NMR (DMSO-dg, 5) : 1.11-1.89 (12H, m), 2.12-2.39 

{3H, m), 2.60-3.79 (8H, m), 3.82 (3H, s), 4.10- 
4.35 (IH, m), 4.44-4.54 (IH, m), 7.02 (2H, d, 
J=8.8Hz), 7.55 (2H, d, J=8 . IH2 ) , 8.13-8.31 (IH, 
m), 8.44-8.55 (2H, m) , 8.70-8.84 (IH, m) 
Mass (m/2) : 489 (M-^+1) free of compound 

(10) N-[(R)-l-{3-{4 -7piper idy 1 ) propionyl } - 3 - 
piperidylcarbonyl ] -2 ( S ) -amino-fi-alanine hydrochloride 
IR (Film) : 3250, 2910, 1745, 1640 cm-1 

NMR (DMSO-dg, 6) : 1.19-1.91 (12H, m), 2.07-2.43 

(4H,,m), 2.58-3.24 (2H, m) , 3.50-3.57 (2H, m), 
3.74-4.40 (3H, m) , 8.30-8.96 (5H, m) 

Mass (m/2) : 355 (M-^+1) free of compound 

(11) N-[ (R)-l-^3_(4_pipe^i^yljp^Qp^Qj^yj_^_3_ 

piperidylcarbonyl ] -2 ( S ) -benzoylamino-13-alanine 1- 
(cyclohexyloxycarbonyloxy) ethyl ester hydrochloride 
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IR (Nujoi) : 3240, 1750, 1640 cm-1 

NHR (DMSO-dg, 6) : 1.01-1.91 (23H, m), 1.76 (3H, d, 
J=5.7Hz), 2.11-2,39 ( 3H, m) , 2.58-3.25 ( 2K, m)[ 
3.35-4.40 ( 7H, m) , 4.49-4.56 ( 2H, m), 6.63 (IH, 
t, J=5.1Hz), 7.43-7.57 ( 5H, m) , 7 . 85-7.95 (IH, 
m) 

Mass (m/2) : 629 (M^^+l) free of compound 

(12) N-{l-{3-(4-piperidyl)propionyl>-3-piperidyi]-2(S)- 
benzoylaminosuccinamic acid hydrochloride 

IR (Nujol) : 3300, 1720, 1630 cm'^ 

NMR {DMS0-d5, 6) 1.16-1.54 (6H, m ) , 1 . 64-1 . 85 ( 6H, 

m), 2.24-2.34 (IH, m) , 2.63-3.03 (5H, m), 3.13- 
3.84 (7H, m), 4.70-4.83 (IH, m ) , 7.41-7.53 ( 3H, 
m), 7.83-7.90 (2H, m) , 8-60-8.72 (IH, m) 

Mass (m/z) : 459 (M^+1) free of compound 

(13 ) N-[ (R)-l-{3-(4-piperidyl)propionyi>-3- 
piperidylcarbonyl ] -2 ( S ) -cyclopropylcarbonylainino-/3- 
alanine hydrochloride 

[os]gO = -20.2° (C = 1.0, MeOH) 

IR (Nujol) : 1715, 1645, 1610' cm"! 

NMR (DMSO-dg, 6) : 0.67.(4H, d, J=6.3Hz), 1.18-1.84 
(12H, m), 2.10-2.43 (3H, m) , 2.60-3.34 (7H, m) , 
3.74-3.83/ ( 2H, m), 4.15-4.35 (2H, m) , 8..04-8.22 
(IH, m), 8.39 (IH, dd , J=19.6 and 7.9H2)', 8.51- 
8.69 (IH, br), 8.82-8.86 (IH, br ) 

Mass (m/z) : 423 (M"^+i) free of compound 



( 14) N-[ (R)-7-{3-(4-piperidyl)propionyl}-3- 
piperidylcarbo^yl ] -2 ( S } - ( 3-methoxypropionyl )amino-P- 
alanine hydrochloride 
[a]gO = -20.2° (C=1.0, MeOH) 
IR (Nujol) : 3250, 1720, 1650, 1610 cm"^ 
NMR (DMSO-dg, 6) : 1.12-1.89 (15H, m) , 2.11-2.43 
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(3H, m), 2.37 ( 2H, J=6.5H2), 2.72-3.12 (3H, 
m), 3.21 (3H, s), 3.25-3.44 (2H, m), 3.52-2H, t, 
J=6.5H2), 3.61-3.84 m ) , 4.14-4.39 (2H, m) , 

7.94-8.09 (2H, m) 
Mass (m/z) : 441 (M"^4-l) free of compound 

( 15 ) N-[ (R) -l-{3-( 4-piperidyl)propionyl}-3- 
piperidylcarbonyl ] -2 (R) -benzoylamino-p-alanine 
hydrochloride 

[a]§Q = -14.3° (C=1.0, MeOH) 

IR (Nujol) : 1750, 1730, 1640 cm'^ 

NMR (DMSO-dg, S) : 1.15-1.86 (12H, m), 2.25-3.05 

(6H, m), 3.10-3.26 (2H, m) , 3.37-3.84 ( 3H, m ) , 
4.12-4.61 (2H, m), 7.45-7.63 (3H, m) , 7.88-7.97 
(2H, m), 8.28-8.45 (IH, m) , 8.72-8.77 (IH, m), 
8.66-8.84 (IH, br) , 8.97-9.11 (IH, br) 

Mass (m/z) : 459 (M"'"+l) free of compound 

(16) N-[(R)-l-{3-(4 -piperidyl ) propionyi } - 3- 
piperidylcarbonyl ] - 2 ( S ) - ( 4 -hydroxybenzoylamino ) -P- 
alanine hydrochloride 

[ot]§0 = -40,5 (C = 1.0, MeOH) 

IR (Nujol) : 1715, 1630, 1640, 1600 cm"! 

NMR (DMSO-dg, 5) : 1.17-1.85 (.12H, m) , 2,11-2.38 

(3H, m), 2.60-3.06 (3H, m) , 3.11-3.23 (.2H', m) , 
3.36-3.84 (4h, m) , 4.01-4.51 (2H, m) , 6.83 (2h, 
d, J=8.5H2), 7.76 (2H, d, J=8 . 6Hz ) , 8.20-8.46 
(2H, m), 8.56-8,71 (IH, br), 8.85-8.98 (IH, br) 

Mass (m/z) : 473 (M"'"-l) free of compound 

( 17 ) N-[ 1- { 3- ( 4 -piperidyl ) propionyi > -3-piperidyl ] - 3 ( S ) - 
benzoylaminosuccinamic .acid hydrochloride 
IR (KBr, pellet) : 2949, 2393, 1734, 1718, 1651 cm"^ 
NMR (DMSO-dg, 6) : 1.16-1.89 (IIH, m) , 2.11-2.38 

(IH, m), 2.61-3.07 (4H, m) , 3.13-3.85 (8H, m) , 
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4.66-4.86 (IH, m) 7.44-7.59 ( 3H, m ) , 7,85-7,88 
m), 7.93-8.11 (IH, m) , 8.44-8.60 ( IH, br ) , 
8.63-8.74 (IH, m) , 8.77-8.90 (IH, br ) 
Mass (m/z) : 457 (M"^-!) free of compound 

( 18 ) N-[l-{3-( 4-piperidyl)propionyl}-3-piperidyl]-2(S)- 
acetyiaIninosuccinaI^ic acid hydrochloride 

IR {K3r, pellet) : 3057, 2945, 2864, 1734, 1653, 

1613 cm"^ 

NMR {DMSO-dg, 6) : 1.20-1.59 (7H, m), 1.73-1.97 (4H, 
m), 1.83 (3H, s), 2,24-2.36 ( 2H, m) , 2.44 = 3,10 
(4H, m), 3,17-3.28 (3H, m) , 3.47-4.21 (4H, m) , 
4.43-4.59 (Ih, m), 7.81-8,21 (2H,'in), 8.56-8.76 
(IH, br), 8.89-9.03 (IH, br ) 

Mass (m/z) : 397 (M*^+l) free of compound 

( 19 ) N-[ (R) -l-{3-{4-piperidyl)propionyl}-3- 
piperidylcarbonyl ] -2 (R) -acetylamino-p-alanine 
hydrochloride 

[a]gO = -21,1^ (C=1.0, MeOH) 

IR (KBr, pellet) : 2947, 2864, 1734, 1653, 1616 cm"! 

NMR (DMSO-dg, S) : 1.17-1.90 (1-2H, m), 1.85 { 3H, s), 
2.09-2.65 ( 4H, m) , 2,70-3.08 ( 2H, m) , 3.15-3.34 
(3H, m), 3.60-3.88 ( 2H, m) , 4.17-4.40 (2H, m) , 
8.00-8.20 ;(2H, m), 8 . 30-8 . 46 - ( IH , br), 8.61-8.74 
(IH, br) \ . 

Mass (ra/z) : 397 (M-^+l) free of compound 

( 20 ) N- [ l-{ 3- ( 4-piperidyi )propionyl>-3-piperidyl ] -3 (R) - 
benzoylaminosuccinamic acid hydrochloride 
IR (KBr, pellet) : . 2947, 2864, 1734, 1647, 1605 cm"! 
NMR (DMSO-dg, 5) : 1.15-1.55 (7H, m), 1.64-1,89 (5H, 
m), 2.18-2.35 (IH, m) , 2.60-3.26 (8H, m) , 3.48- 
3.86 (4H, m), 4,69-4.84 (IH, m) , 7.45-7.56 {3H, 
m), 7.85-7,88 (2H, m), 8.42-8.60 (IH, br) , 8.75- 
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8.89 (IH, br), 8.61-8.75 (IH, m ) 
Mass (m/z) : 459 (M'^+1) free of compound 

(21) N-[ (R)-l-{3-(4-piperidyl)propionyl>-3- 
5 piperidylcarbonyl ] -2 ( S ) - ( 4-biphenylcarbonylainino ) -/3- 

alanine hydrochloride 

IR (KBr, pellet) : 2947, 2729, 1734, 1647, 1608 cm~^ 
NMR CDMSO-dg, 5) : 1.14-1.86 (lOH, m), 2.20-2.36 

m), 2.63-3.26 {5K, m) , 3.40-3:86 (4H, m) , 
J;P 4.10-4.60 (4H, m), 7.41-7.54 (3H, m) , 7.74-7,82 

m m), 7.98-8.01 {2H, m) , 8.25-8.43 (IH, m), 

H! 8.57-8.80 {IH, br), 8.68-8.82 (IH, m) , 8.92-9.02 

;P (IH, br) 

Lli ^^ss (m/z) : 535 (M"^+l) free of compound 

45 

il) Example 24 

fy (1) ^ solution of N-[l-{3-{l-tert-butoxycarbonyl-4- 

va piperidyl ) propionyl } - 3 -piperidylcarbonyl ] -^-alanine fl , 5 8 

J]J ^) ethyl acetate (16 ml) was added 4N HCi in ethyl 

=20 acetate (13.5 ml) under stirring at 0°C. After stirring 

at ambient temperature for 2 hours, resulting precipitate 
was collected by filtration to give N- [ 1- { 3- ( 4-piperidyl ) - 
propionyl}-3-piperidylcarbonyl ] -^-alanine hydrochloride 
(1.27 g). 

25 mp : 70-72°C ' 

IR (KBr) : 3200, 2850, 1780, 1600 cm-^ 

NMR (DMSO-dg, 6) : 1.29-1.83 (lOH, m), 2.09-2.42 

(6H, m), 2.60-3.24 (7H, m) , 3.70-3.84 (IH, m) , 
4.13-4.40 (IH, m), 7.97-8.18 ( IH, m) , 8.76-8.86 
(IH, m), 9.09-9.23 (IH, m) 
Mass (m/z) : 340 (M'^+1) free of compound 



35 



The following compounds were obtained according to a 
similar manner to that of Example 2 4 (1\ , 
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( 2 ) N- [ 1 - { 3 - { 4 -Piperidyl ) propiony 1 } -4 -piperidylcarbonyl ] - 
/3-aianine hydrochloride 
mp : 63-55°C 

IR (KBr) : 3250, 2800, 1710 cm-^ 

NMR (DMSO-dg, 6) : 1.28-1.90 (IIH, m), 2.23-2.40 

(5H, m), 2.48-3.12 (4H, m) , 3.10-3.30 C4H, m), 
3.79-3.98 (IH, m), 4.30-4.40 (IH, m) , 4.30-4,40 
(IH, m), 7.98 (IH, t, J=5 . 4Hz ) , 8.85-8.98 (IH, 
br) ; 9 .13-9 .21 (IH, br) 

Mass (m/z) : 340 (M"^+l) free of compound 

( 3 ) N- [ 2-[ l-{2- ( 4-Piperidyl )acetyl>-3-piperidyl ]acetyl ] - 
Ji-alanine hydrochloride 
mp : 7 3 ° C 

IR (Nujol) : 3200, 1725, 1605 cm-1 

NMR (DMSO-dg, 5) : 1.22-1.51 (4H, m) , 1.68-1.87 (3H, 
m), 1.92-2.09 (4H, m) , 2.23-2.30 (2H, m), 2.35- 
2.45 (3H, m), 2.60-3.02 (4H, m) , 3.16-3.31 (5H, 
m), 3.67-3.81 ( IH, m), 4.11-4.28 (IH, m) , 8.00- 
8.16 (IH, m) 
Mass (m/2) : 340 (M"^+l) free of compound 
Elemental Analysis C17H2 9N3O4 • HCl • 1 . 5AcOEt - 2H2O (%) 

Calcd. : C 50.78, H 8.52, N 7.72 
Found : C 50.76, H 8.48, N 7.70 

(4) N-Cl-{4-(4 -Piper idyl ) butyry 1 > - 3 -piperidylcarbonyl ] - 
glycine hydrochloride 
IR (Nujol) : 1740 cm'^ 

NMR (DMSO-dg, 5) : 1.20-1.94 (13H, m), 2.30-2.40 

{3H, m), 2.60-3.14 (5H, m) , 3.17-3.28 (2H, m) , 
3.72-4.00 ( 2H, m) , 4.00-4.10 and 4.09-4.17 
(total IH, m), 8.28-8.43 (IH, m) 
Mass (m/z) : 340 (M"^+i) free of compound 
Elemental Analysis C17H29N3O4 -HCl • 1 . 25AcOEt • 1 . 5H2O ( % ) 

Calcd. : C 51.51, H 8.45, N 8.19 
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Found : C 51.38, H 8.43, N 8.00 



(5) N-[2-[l-{2-( 4-Piperidylidene ) acetyl} -3- 

piperidyl ] acetyl ] -J3-alanine hydrochloride 
5 mp : 63°C 

IR (Nujol) : 3200, 1730 cm'^ 

NKR- (DMSO-dg, 6) : 1.08-1.41 (3H, m ) , 1.60-1.76 (3H, 
m), 1.76-1.92 (3H, m), 1.92-2.04 (2H, m) , 2.39 
P (2H, t, J=6.5Hz), 2.44-2.51 (3H, m ) , 2.50-2.83 

1|0 {3H, m), 2 . 93-3.50 {4H, m) , 3.69-3.84 (IH, m) , 

m 4.04-4.28 (IH, m), 6.04 and 6.08 (total IH, s), 

8.01-8.17 (IH, m) 
fil Mass (m/z) : 338 (M"^ + l) free of compound 

^ Elemental Analysis 7H2 7N3O4 • HCl • 1 . SAcOEt • 2 . 5H2O (%) 

rp Calcd. : C 50.50, H 7.55, N 7.68 

Found : C 50 . 29 , H 7 . 91 , N 7 . 66 

□ ( 6 ) N-[ (R) -l-{3-( 4-piperidyl )propionyl>-3- 

piperidylcarbonyi ] -3 ( S ) -phenylsulf onylmethyl-^- 
20 alanine hydrochloride 

IR (Nujol) : 1730, 1650, 1610 cm"! 

NMR (DMSO-dg, 6) : 1.28-1.83 (13H, m), 2.25-2.34 

(2H, m), 2.48-3.23 (9H, m) , 3.54-3.67 (2H, m) , 
4.18-4.26 (IH, m), 7.61-7.76 (3H, m) , 7.85-7.9-9 
(2H, m), '8.02-8.13 (IH, m) , 8.76 (IH, hr) , 9.03 
(IH, br) 

Mass (m/z) : 49 2 (M"''+l) free of compound 



25 



30 



Example 2 5 

(1) A solution of N-[ (R)-l-{3-(l-tert-butoxycarbonyl-4- 
piperidyl )pyropionyl>-3-piperidylcarbonyl] -(3-alanine ethyl 
ester (0.78 g) in ethyl acetate ( 8 ml ) was added 4N HCl in 
ethyl acetate (4.17 ml) under stirring at 0°C. After 
stirring at ambient temperature for 2 hours , ■ and 
35 evaporated in vacuo and freeze-dried to give N-[(R)-l-{3- 
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( 4 -piper idyl ) propionyl } - 3-piperidylcarbonyl ] -13-aianine 
ethyl ester hydrochloride (0.59 g)- 

IR (Film) : 3320, 1700, 1605 cm-1 

NMR (DMSO-dg, 5) : 1.18 (3H, t, J=7.lHz), 1.26-1.65 
(7H, m) , 1.80 (2H, d, J=13Hz), 2.06-2.70 (5H, 
m), 2.75-3.10 (3H, m) , 3.17-3.30 (4H, m) , 3.70- 
3.84 (IH, m), 4.05 (2H, q, J=7.2Hz), 4.17-4.38 
(4H, m), 8.01-8.13 (IH, m) , 8.63-8.78 (IH, br), 
8.95-9.06 (IH, br) 

Mass (m/z) : 368 {M"^+l) free of compound 

The following compounds were obtained according to a 
similar manner to that of Example 25 ( 1 ^ . 

(2) (3R)-N-[ (R) -l-{ 3- (4-Piperidyl) propionyl} -3-piperidyl- 
carbonyl ] -3-inethyl-J3-alanine methyl ester 
hydrochloride 

IR (Nujol) : 3300, 2930, 2850, 1710, 1640, 1610 cm"! 
NMR (DMSO-dg, 5) : 1.04-1.10 (3H, m), 1.20-1.83 

{12H, m), 2.29-2.46 {4H, m), 2.58-3.25 (7H, m), 
3.58 (3H, s), 4.02-4.36 (2H, m), 7.91 (IH, t, 
J=8.2Hz), 8.57-8.72 (IH, br ) , 8.84-9.00 (IH, m) 
Elemental Analysis C3_9H23N304 -HCl • 2 , 8H2O (%) 

Calcd. : C 50.23, H 8.79, N 9.25 
^ Found : C 50.36 , H 8.51,- N 8.97 

Mass (m/z) : 368 (M*^+l) free of compound 

(3) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 
piperidylcarbonyl ] -j3-alanine benzyl ester 
hydrochloride 

IR (Film) : 3400, 1710, 1630 cm"^ 

NMR (DMSO-dg, 6) : 1.17-1.91 (12H, m), 2.29-2.36 

(3H, m), 2.56-3.09 (4H, m) , 3.17-3.33 (5H, m) , 
3.70-3.83 (IH, m), 4.20-4.37 (IH, m) , 5.09 (2H, 
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s), 7.31-7.38 (5H, m), 7.99-8.14 ( IH, m) , 8.60- 
3.72 (IH, br), 8.89-8.99 (IH, br) 
Mass (m/2 ) : 430 (h"-h1) free of compound 
Elemental Analysis C 24H35N3O4HCI • 1 . 6H2O 

Caicd. : C 54.26, H 7.63, N 7.91 
Found : C 54.23, H 7.54, N 7.88 

) N-[{R)-l-{3_( 4-piperidyl )propionyi>-3- 
piperidylcarbonyl]-J3-alanine l-(cyclohexyioxy- 
carbonyloxy) ethyl ester hydrochloride 
IR (Film) : 3380, 2940, 2850, 1740, 1630 cm"! 
NMR (DMSO-dg, 6) : 1.15-1.53 ( 13H, m)^, 1.44 (3H, d, 
J=5.4Hz), 1.60-1.92 (lOH, m) , 2.05-2.39 (3H, m) , 
2.45-3.08 ( 5H, m), 3.18-3.30 ( 4H, m) , 4.15-4.37 
(IH, m), 4.50-4.60 (IH, m) , 6.60-6.68 ( IH, m), 
8.00-8.13 (IH, m), 8.47-8.64 (IH, br), 8.79-8.90 
(IH, br) 

■ iMass (m/z) : 510 (M-^-fl) free of compound 
Elemental Analysis C26H43N3O7 • HCl • 3H2O 

Calcd. : C 52.04, H 8.40, N 7.00 
Found : C 51.85, H 8.51, N 7 . 14 

(R)-[l-{3-(4 -piperidyi ) propionyl > - 3 - 

piperidylcarbonyl]-3-piperidinecarboxylic acid ethyl 
ester trifluo^o acetate 

NMR (DMSO-dg, 5) : 1.18 (3H, t, J=7.0H2), 1.27-2.02 
(16H, m), 2.23-2.43 (3H, m) , 2.57-3.15 (7H, m) , 
3.67-3.91 (2H, m) , 4.07 (2H, q, J=:7 . OH2 ) , 4.20- 
4.40 (IH, m), 4.54-4.75 (2H, m), 8.09-8.34 ( IH, 
br), 8.51-8.65 (IH, br) 

Mass (m/z) : 408 (M"^+l) free of compound 



N-[(R)-i-{3_(4 -piperidyi ) propionyl } - 3 - 

piperidylcarbonyl]-2-phenyl-P-alanine ethyl ester 
hydrochloride 



4 
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IR (KBr, pellet) : 3421, 2943, 1728, 1643, 1624 cm-1 
NMR (DMSO-dg, 6) : 1.05-1.85 (14H, m), 2.04-2.34 

{3H, m), 2.69-3.06 ( 3H, ni ) , 3.13-3.25 (2H, m), 
3.32-3.75 ( 3H, m) , 3,80-3.92 (IH, m), 3.99-4.34 
{4H, m), 7.20-7.38 (5H, m) , 8.07-8.20 (IH, m), 
8.75-8.90 (IH, br), 9.04-9.15 (IH, br ) 
iMass (m/z) : 444 (M"^+l) free of compound 

( 7 ) N-[ (R)-l-{3-(4-piperidyl)propionyl.}-3- 

piperidylcarbonyl ] -3 ( S ) -ethynyi-^i-alanine 2-adainantyl 
ester hydrochloride 

IR (Nujol) : 1720, 1650, 1500 cm'^ 

NMR (DMSO-dg, 5) : .1.18-1.50 (8H, m), 1.70-1.99 

(15H, m), 2.10-2.39 (3H, m), 2.59-3.02 ( 5H, m) , 
3.09-3.29 (3H, m), 3.69-3.84 (IH, m), 4.15-4.55 
(4H, m) , 4.83-4.95 (2H, m) , 8.50 and 8.60 (total 
IH, d, J=8.1 and 8.2Hz), 8.72-8.89 (IH, br), 
9.03-9.12 (IH, br) 

Mass (m/z) : 498 (M+-fl) free of compound 

Elemental Analysis C2gH43N304 • HCl - 28H2O 

Calcd. : C 59.58, H 8.55, N 7.19 
Found : C 59.57, H 8.64, N 7.03 

( 8 ) N-[ (R)-l-{3-(4-piperidyl)propionyl>-3- 

piperidylcarbonyl ] -3 { S ) -ethynyl-/3-alanine-n-butyl 
ester hydrochloride 

IR (KBr, pellet) : 2958, 2872, 1734, 1647, 1616 cm-^ 
NMR (DMSO-dg, 6) : 0.88 (3H, t, J=7 . 2Hz ) , 1.27-1.69 
(12H, m), 1.59 (IH, d, J=2.4Hz), 1.75-1.86 ( 3H, 
m), 2.08-2.40 (3H, m) , 2.60-3.08 (6H, m) , 3.17- 
3.27 (3H, m), 3.69-3.84 (IH, m) , 4.03 (2H, t, 
J=6.5Hz), 4.79-4.92 ( IH, m) , 8.50 and 8.59 
(total (IH, d, J=8.3 and 8.0Hz), 8.74-8.86 (IH, 
br), 9.02-9.13 (IH, br) 
Elemental Analysis C23H37N3O4 • HCl • 1 . 6H2O 
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Caicd, : C 56.98, H 8.56, N 8.67 
Found : C 56-99, H 8.63, N 8.39 

(9) N-[{R)-l-{3- ( 4-piperidyl ) propionyl > -3- 

piperidylcarbonyl ] -3 ( S ) -ethynyl-P-alanine 5-methyl-2- 
oxo-1 , 3-dioxol-4-yl-methyl ester hydrochloride 
mp : 70°C 

IR (KBr, pellet) : 2947, 2866, 2729, 1817, 1743, 

1653, 1616 cm-1 

NMR (DMSO-dg, 6) : 1.29-1.85 (llH, m) , 2.09-2.40 

(3H, m), 2.10 (3H, s), 2.60-3.09 (5H, m) , 3.13- 
3.29 (3H, m), 3.70-3.84 (IH, m), .4.79-4.91 ( IH, 
m), 4.98 (2H, s), 5.12-5.40 (2H, m) , 8.53 and 
8.62 (total IH, d, J=8.0Hz), 8.76-8.90 ( IH , br), 
9.03t9.15 (IH, br) 

Mass (m/z) : 476 (M"^-fl) free of compound 

(10) N-[ (R)-l-{3-(4-piperidyl)propionyl>-3- 
piperidylcarbonyl ] -3 ( S ) -ethynyl-fS-alanine isobutyl 
ester hydrochloride 

IR (KBr, pellet) : 3446, 3230, 3030, 2960, 2873, 

1734, 1653, 1616 cm-^ 

NMR (DMSO-dg-, 6) : 0.89 (6H, d, J=6.6Hz), 1.21-1.91 
(12H, m), 1.99-2.37 (3H, m) , 2.60-3.02 (6H, m), 
3.18-3.2'6 (3H, m) , 3.83 (2H, d, J=6.5Hz.), 4.13- 
4.32 (2H, m), 4.80-4.94 ( IH, m) , 8. 46-8.57 ( IH, 
m), 8.53-8.71 (IH, br) , 8.89-9.00 (IH, br ) 

Mass (m/z) : 420 (M'^+l) free of compound 

(11) N-[ (R) -l-{ 3- { 4-piperidyl) propionyl} -3- 
piperidylcarbonyl ] - 3 ( S ) -ethynyl-13-aianine-4- 
trif luoromethyibenzyl ester hydrochloride 

IR (KBr, pellet) : 3456, 3240, 2947, 2864, 2360, 

1740, 1653, 1618 cm"! 
NMR (DMSO-dg, 6) : 1.17-1.86 (12H, m) , 2.06-2,36 
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(3H, m), 2.50-3.06 (6H, m) , 3.12-3.31 (3H, m), 
4.07-4,35 (IH, m), 4.85-4.96 (IH, m) , 5.22 ( 2H, 
s), 7.60 (2H, d, J=8.2Hz), 7.76 (2H, d , 
J=8.2Hz), 8.48-8.58 (IH, m ) , 8.44-8.58 (IH, br ) , 
8.74-8.85 (IH, br) 
Mass (m/z) : 522 (M'*"+i) free of compound 

( 12) N-[ (R) -l-{3-( 4-piperidyl)propionyl>-3- 
piperidylcarbonyl ] -2 ( S ) -acetylamino-J3-alanine ethyl 
ester hydrochloride 

IR (KBr, pellet) : 2947, 2862, 1718, 1697, 1684, 

1668 cm"^ 

NMR (DMSO-dg, 5) : 1.17 {3H, t, J=7 . IHz ) , 1.24-1.69 
(9H, m), 1.74-1.99 (4H, m) , 2.07-2,40 (4H, m) , 
2.59-3.11 (4H, m), 3.15-3.28 (2H,'in), 3.31-3.37 
(2H, m), 3-73-3.86 {IH, m) , 4.02 (2H, q, 
J=7.1H2), 4.15-4.31 (2H, m), 8.12-8.43 (2H, m) , 
8.63-8.75 (IH, br), 8.93-9.04 (IH, br ) 

Mass (m/z) : 4 25 (M'*'+l) free of compound 

(13) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 
piperidylcarbonyl ] - 2 ( S ) -acetylamino-j3-alanine benzyl 
ester hydrochloride 

IR (KBr)-: 3377 , 2943 , 2864, 2731, 1740-, 1653, 
1^0 8 cm"^ 

(.14) N-[ (R)-l-{3- (4-piperidyl)propionyl>-3- 

piperidylcarbonyl ] -2 ( S ) -acetylamino-f3-alanine 1- 
( eye lohexyloxycarbonyloxy) ethyl ester hydrochloride 
IR (KBr) : 3417, 3062, 2945, 2862, 1761, 1653, 
1608 cm-^ 



Example 26 

(1) To a solution of N- [ 2- [ 1- { 3- ( l-tert-butoxycarbonyl-4- 
piperidyl)propionyl>-4-piperidyl]acetyl ] -P-alanine methyl 
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ester (0.58 g) in methanol ( 7 mi ) was added IN NaOH 
aqueous solution (1.5 mi) and stirred for 1 hour at 
ambient temperature . The resultant mixture was poured 
into a mixture of ethyl acetate (20 ml) and water (10 ml) 
and acidified to pH 3.0 with 10% KHSO4 aqueous solution. 
The organic layer was separated and washed with brine, and 
dried over MgSOa . The solution was evaporated in vacuo. 
The residue was dissolved with ethyl acetate (5 ml) and 
the solution of 4N HCl in ethyl acetate (3.1 ml) was 
added. The resultant mixture was stirred for 1 hour at 
ambient temperature and evaporated in vacuo to give N-[2- 
[ l-{ 3- ( 4-piperidyl ) propionyl>-4-piperidyl ] acetyl ] -P- 
alanine hydrochloride (0.2 g). 

NMR (DMSO-dg, S) : 0.95-1.14 (IH, m), 1.21-1.62 (7H, 
m), 1.76-1.83 (2H, m), 2.26-2.40 (4H, m) , 2.75- 
3.00 (3H, m), 3.17-3.24 (5H, m) , 3.78-3.84 (2H, 
m), 4.05-4.08 (IH, m) , 4,28-4.35 (2H, m) , 7.93- 
7.97 (IH, m), 8.70 (IH, br ) , 8.95 (IH, br) 

The following compounds were obtained according to a 
similar manner to that of Example 2 6 (1) . 

( 2 ) N-[ l-{3-( 4-Piperidyl)propionyl}-3-piperidylcarbonyl] - 
N-methyl-3-alanine hydrochloride 

NMR (DMS0-dg,/6 ) : 1.39-1 .45 (7H, m) , 1.59-1.83 (5H, 
m), 2. 36-2.60 (4H, m), 2.69-2.88 (2H, m)-, 2.77, 
3.02 (total 3H, s), 3 . 00-3 . 2 3 '( 3H , m) , 3.40-3.80 
(3H, m), 4.30-4.40 (IH, m) , 8.76 (IH, br) , 9.00' 
(IH, br) 

Mass (m/z) : 354 (M'^+1) 

( 3 ) N-[ (R)-l-{3-( 4-piperidyl )propionyl}-3- 
piperidylcarbonyl ] -3 ( S ) - [ 2- ( 3-indolyl ) ethyl ] -3- 
alanine hydrochloride 

IR (Nujol) : 3200, 1720, 1630, 1610, 1540 cm"^ 
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NMR (DMSO-dg, 5) : 1.14 (IH, t, J=7 . GHz ) , 1.21-1.45 
. (5H, m), 1.55-1.91 (6H, m) , 2.10-2.42 (3h, m) , 
2.60-3.00 ( 6H, m), 3.19-3.25 (3H, m) , 3.78-4.33 
(7H, m), 6.91-7.08 (3H, m ) , 7.32 (IH, d , 
J=8.0Hz), 7,47 (IH, d, J=8.0H2), 7.90-7.96 (IH, 
m), 8.58 (IH, br), 8.84(1H, br) 
Mass (rti/z) : 483 (M'^+1) free of compound 
Elemental Analysis C27H3gN404 • HCl • 2H2O 

Calcd. : C 57.89, H 7.99, N 8.71 
Found : C 57.97, H 8.16, N 8.31 



tfl ( 4 ) N-[ (R)-l-{3-(4-piperidyl)propionyl>-3- 

4= piperidylcarbonyl ] - 3 ( S ) -vinyl-^5-alanine hydrochloride 

fJi (KBr) : 3428 , 2946 , 1724 , 1529 ,. 1621 cm-^ 

NMR (DMSO-dg, 5) : 1.17-1.99 (IIH, m ) , 2.32-2.50 
U ^) ' 2.75-3.00 (2H, m ) , ■ 3 . 1 9 -3 . 24 (2H, m) , 

in 3.82-4.38 ( 4h, m) , 4.54-4.62 (IH, m) , 5.05-5.12 

[J{ (2H, m), 5.74-5.92 (IH, m) , 8.00-8.06 (IH, m) 

Mass (m/z) : 366 (M'^+1) free of compound 
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(5) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 
piperidylcarbonyl ] -3 ( S ) -ethyl-^-alanine hydrochloride 
IR (KBr) : 3407, 3257, 1724 , 1637 CTn"! 

NMR (DMSO-dg, 5) : 0.76-0.83 (3H, t, J-6.3Hz), 

1.21-1.93^ (14H, m), 2.18-2.40 (5H, m) , 2.59-3.23 
(5H, m), 3.76-4.35 {3H, m) , 7.7-7.83 (IH, m) 

Mass (m/z) :' 368 (M^+1) free of compound 

( 6 ) N-[ (R) -l-{3- (4-piperidyl )propionyl>-3-piperidyl- 
carbonyl ] -2 ( S ) -acetyiamino-f3-alanine hydrochloride 
[ot]g5 = -21.37^ (C=0.75, MeOH ) 

IR (Nujol) : 1720, 1640, 1610 cm"^ 

NMR (DMSO-dg, 5) : 1.20-1.82 (12H, m), 1.85 (3H, s), 
2.10-2,43 (5H, m), 2.59-3.27 (4h, m) , 3.74-3.83 
(2H, m), 4.14-4.37 (2H, m ) , ' 8 . 0 2-8 . 19 (2H, m) , 
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8.42-8.59 (IH, br) , 8.72-8.84 (IH, br ) 
Mass (m/z) : 397 (M'^ + i) free of compound 

( 7 ) N-[ l-{3-( 4-piperidyl ) propionyi } -3-pyrrolidinyi- 
carbonyl ] - 3 ( S ) -ethynyl-3-alanine hydrochloride 
NMR (DMSO-dg, 5) : 1.21-1.30 (4H, m), 1.76-1.83 (2H, 
m), 2.00-2.12 (2H, m) , 2.23-2.50 (2H, m) , 2.57- 
2.61 (2H, m), 2.76-3.06 (4H, m) , 3.18-3.25 (4H, 
m), 3.50-3.60 (6H, m), 4.81-4.85 (IH, m) 
iMass (m/z) : 350 (M*^+l) free of compound 

( 8 ) N-[ (R) -!-•{ 3- ( 4-piperidyl )propionyl> -3- 
piperidylcarbonyl ] -2-methyl-3-alanine 

NMH (D2O, 6) : 1.05 C3H, d, J=7.2Hz), 1.33-1.76 (8H, 
m), 1.90-1,98 (3H, m), 2.32-2.57 (4H, m) , 2.76- 
3.01 (3H, m), 3.11-3.42 (5H, m) , 3.79-3.90 (IH, 
m) , 4 . 12-4 . 30 (IH, m) 

Mass (m/z) : 354 (M'^'+i) 

Example 2 7 

N-[(R)-l-{3-( 4 -Piper idyl ) propionyi > - 3 -piperidyl - 
carbonyi ] -3 ( S ) ethynyl-^-alanine trif luoroacetate (object 
compound (I) of Example 25 1 (80.0 g) was dissolved in 
water and desalted by DIAION HP-20 (trademark; prepared by 
Mitsubishi Chemical Industries) elating with 
(isopropanol:H20 = 1:3). The eluting solution was- 
concentrated in vacuo and freeze-dried to give N-[(R)-1- 
{ 3- ( 4-piperidyl ) propionyi > -3-piperidylcarbonyl ] -3 ( S ) - 
ethynyl-;3-alanine (49.8 g) as a white solid. 

IR (KBr) : 3430, 3270, 1722, 1622 cm"^ 

NMR (DMSO-dg, 6) : 1.23-2.06 ( llH, m), 2.30-2.35- (4H, 
m), 2.52-2.70 (4H, m), 2,98-3.17 (4H, m) , 3.01 
(IH, d, J=2.2H2), 3.53-3.59 ( IH, m) , 4.21-4.27 
(IH, m), 4.68-4.72 (IH, m) , 8 . 28-8 , 40- ( IH, m) 

Mass (m/z) : 364 {M'*'-*-l) 



9 



9 
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Elemental Analysis CxgH2gN304 • 1 . 7H2O (%) 

Calcd.: C 57.91, H 8.29, N 10.66 
Found : C 57.89, H 8.05, N 10.41 

5 Example 2 8 

A solution of N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 
piperidy Icarbony 1 ] - 3 ( S ) -ethynyi-J3-alanine hydrochloride 
(89.6 g) in water (900 ml) was purified by HPLC (C-18, 7 x 
50 cm) eluting with a solution of 17% CH3CN in 0.1% TFA 
r|0 aqueous solution and the fractions containing object 

Cu compound were combined and evaporated in vacuo . The 

[Jj residue was dissolved in water and desalted by HP-20 

=h eluting with (IPA:water = 1:3). The eluting solution was 

concentrated in vacuo and freeze-dried to give N-[(R)-l- 
^5 { 3- ( 4-piperidyl } propionyl > -3-piperidylcarbonyl ] -3 ( S ) - 

J=^f ethynyl-f3-alanine (55.8 g) as a white solid, 

fu IR (KBr) : 3430, 3270, 1722, 1622 cm"! 

;E; NMR (DMSO-dg, 6) : 1.23-2.06 (IIH, m), 2,30-2.35 

M (4H, m), 2.52-2.70 (4H, m) , 2.98-3.17 (4H, m) , 

20 3.01 (IH, d, J=2.2H2), 3.53-3.59 (IH, m), 4.21- 

4.27 (IH, m), 4.68-4.72 (IH, m) , 8.28-8.40 (IH, 
m) 

Elemental Analysis CigH29N304 • 1 . 7H2O 

Calcd. : C 57.91, H 8.29, N 10.66 
25 _ / Found : C 57 . 89 , H , 8 . 05 ,. N 10.41 

Example 29 

A solution of N- [( R) -1- { 3- ( 4-piperidyl ) propionyl >-3- 
piperidylcarbonyl ] -3-phenyl-/5-alanine hydrochloride in 

30 water (30 ml) was purified by HPLC on C18 silica gel 

eluting with 10.1% TFA aqueous solution : CH3CN = 44:11) to 
give N- [ ( IR ) -1 - { 3 - ( 4-piperidyl ) propionyl > - 3 - 
piperidylcarbonyl ] -3 ( S ) -phenyl-fi-alanine trif luoroacetate 
(0.08 g) as an oil. 

^5 [ct]§0 = -39.62*' (C=0.45, MeOH ) 
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IR (Film) : 2910, 2850, 1710, 1630 cm-1 

NMR (DMSO-dg, 5) : 1.17-1.85 (IIH, m)-, 2.12-2.36 
(2+1/2H, m), 2.60-3.28 (7+1/2H, m) , 3.71-3.83 
(IH, m), 4.12-4.38 (2H, m) , 5.13 (IH, q, 
J-7.8HZ), 7.20-7.38 (5H, m) , 8.18-8.32 (IH, br), 
8.42 (IH, d, J=8.3Hz), 8.54-8.64 ( IH, br ) 

Mass (m/z) : 416 (M'^+l) free of compound 

and 

N-[ (R) -l-{ 3-( 4-piperidyi )propionyl}-3- 
piperidylcarbonyl ] -3 ( R) -phenyl-15-alanine trif luoroacetate 
(0.08 g) as an oil 

[a]gO = -1.20° (C=1.0, MeOH) 

IR (Film) : 3250, 2950, 1710, 1600 cm"! 

NMR (DMSO-dg, 5) : 1.12-1.85 (IIH, m), 2.11-2.36 

(3H, m), 2.65 (2H, d, J=7.5Hz), 2.79-3.11 (3H, ^ 
m), 3.17-3.29 (2H, m), 3.63-3.84 (IH, m) , 4.11- 
4.33 (2H, m), 5.11-5.23 (IH, m) , 7.24-7.34 (5H, 
m), 8.07-8.23 (IH, br), 8.40 (IH, d, J=8 . IHz ) , 
8.40-8.53 (IH, br) 

Mass (m/z) : 416 (M''"+l) free of compound 

The following compound was obtained according to 
similar manners to that of Example 13 (1^ and Example 21 



Example 30 

N-[ (R) -l-{ 3-( 4-piperidyl )propionyl}-3- 
piperidylcarbonyl ] -2-benzyl-|3-alanine hydrochloride 

IR (KBr, pellet) : 3439, 2941, 1724, 1639, 1618 cm"^ 
NMR (DMSO-dg, S) : 1.21-1.86 (IIH, m)., 2.09-2.40 

(3H, m), 2.55-2.89 (6H, m) , 2.93-3.25 (5H, m) , 
3 .72-3.86 (IH, m) , 4.12-4.41 (IH, m) , 7.17-7.31 
(5H, m), 8.04-8.20 (IH, m) , 8.71-8.86 (IH, br) , 
9.00-9.14 (IH, br) 



Mass (m/2 ) : 430 (M+-,i) free of compound 



The following compound was obtained according to 
similar manners to that of Example 13 fl^ and Example 21 
1X1- 

Example 31 

N-[(R)-l-{3-( 4-piperidyl)propionyl}-3-piperidyl- 
carbonyl ] -3-piperidynecarboxylic acid hydrochloride 

NMR (DMSO-dg, 5) : 1,18-1.99 (17H, m), 2.17-2.40 

(3H, m), 2.57-3.11 (5H, m) , 3.13-3.25 (2H, m), 
3.68-3.91 (2H, m) , 4.27-4.40 (2H,-m), 8.68-8.86 
(IH; br), 8.99-9.11 (IH, br ) 

Mass (m/z) : 380 (M***h-1) free of compound 

The following compound was obtained according to 
similar manners to that of Example 13 fl^ and Example 21 
111- 

Example 3 2 

N-[ (R)-l-{3-(4 -piperidyl ) propionyl } - 3 - 
piperidylcarbonyl ] -2-phenyl-P-alanine hydrochloride 

IR (KBr, pellet) : 3410, 3392, 2947, 1724, 1635, 

1616 cm-1 

NMR (DMSO-dg, 5) : 1,21-1.86 (IIH, m), 2.04-2.61 

{4H, m), 2.69-3.06 (3H, m) , 3.16-3.27 (2H, m), 
3.31-3.84 (4H, m) , 4.11-4.34 (IH, m) , 7.24-7.33 
(5H, m), 8.01-8.15 (IH, m) , 8.73-8.85 (IH, br ) , 
9.00-9.12 (IH, br) 

Mass (m/z) : 416 (M'^+1) free of compound 

The following compound was obtained to similar 
manners to that of Example 13 (1) and Example 21 ( I) . 



Example 33 
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N-[ {R)-l-{3-( 4-piperidyl)propionyl}-3- 
piperidyicarbonyI ] -N-methyl-i3-alanine trif luoroacetate 
IR {KBr, pellet) : 3419, 2951, 2866, 1724, 1680, 

1620 cm"^ 

NMR (DMSO-dg, 6) : 1.14-1.91 (12H, m) , 2.11-2.44 

(3H, m), 2.70-3.15 (5H, m) , 2,78 (3H, s), 3.20- 
3.32 (2H, m), 3.40-3.62 C2H, m) , 3.73-3.88 (IH, 
m), 4.26-4.40 ( IH, m) , 8.14-8.27 (IH, br ) , 8.47- 
8.5.9 (IH, br) 

Mass (m/z) : 354 (Id'^-^-l) free of compound 

Example 3 4 

To a solution of N-[ (R) -l-{3-( 1-tert-butoxycarbonyl- 
4-piperidyl ) propionyl >-3-piperidylcarbonyl ] -3 ( S ) - 
hydroxymethyl-3-alanine tert-butyl ester (0.2 g) in 
dichloromethane (3 ml) was added trif luoroacetic acid (3 
ml) at ambient temperature. After stirring for 1 hour, 
the mixture was evaporated in vacuo. The residue was 
dissolved in water and freeze-dried to give ( S ) -4- [ ( R ) -1- 
{3- ( 4-piperidyl ) propionyl } -3-piperidylcarbonylamino ] - 
1 , 2 , 3 , 4-tetrahydro-2-furanone (0.17 g) as a pale yellow 
oil. 

IR (KBr) : 3425, 1776, 1678, 1624, 1549 cm"! 

NMR* (D2O, 5) : 1.30-2.22 (IIH, m) , 2.44-2.62 (4H, 

ra), 2.81-3.10 (4H, m) , 3.17-3.44 (3H, m) , 3-77- 
3.92 (IH, ra), 4.17-4.34 (2H, m) , 4.61-4."82 ( 2H,. m) 

Mass (m/z). : 352 (M^+1) free of compound 

Example 35 

(1) To a solution of N- [ ( R) -l-{3- ( 1-tert-butoxycarbonyl- 
4-piperidyl )propionyl}-3-piperidylcarbonyl ] -3 ( S ) -cyano-3- 
alanine tert-butyl ester (4 60.9 mg) in dichloromethane (5 
ml) was added trif luoroacetic acid (4.6 ml). After 
stirring at ambient temperature for 2 hours, the mixture 
was concentrated in vacuo. The residue was dissolved in 
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water and desalted by HP-20 eluting with (IPA:water = 
1:1). The eluting solution was concentrated in vacuo and 
freeze-dried to give N- [ ( R ) -1- { 3- ( 4-piperidyl ) propionyl > - 
3-piperidylcarbonyi ] -3 ( S ) -cyano-P-alanine (0.12 g) . 
5 [a]gO - -31.63° (C=1.0, MeOH) 

IR (Film) : 3400, 2950, 2850, 1680, 1620 cm-^ 
NMR (DMSO-dg, 5 ) : 0.96-1.82 (13H, m ) , 2.33-2.82 

(6H, m), 2.90-3.34 (4H, m), 3.71-3.89 (IH, m) , 
4.21-4.47 (IH, m), 6.89-7.35 (IH, m ) 
10 Mass (m/z) : 355 (M'^+1) 

The following compounds were obtained according to a 
similar manner to that of. Example 3 5 ( I) . 

15 (2) N-[ (R)-l-{3-(4-piperidyl)propionyi>-3- 

piperidylcarbonyl ] -3 ( S ) - ( n-butanesulf onyl- 
aminomethyl ) -j3-aianine trif luoroacetate 
IR (Nujol) : 1730 cm""^ 
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NMR (DMSO-dg, 6) : 0.88 (3H, t, J=7 . 2Hz ) , 1,29-1.43 
{14H, m), 1.78-1.84 (3H, m) , 2.30-2.38 (3H, m) , 
2.60-2.64 ( 2H, m) , 2.75-3.10 (8H, m) , 3.22-3.28 
(2H, m), 3.70-3.80 (IH, m) 

Mass (m/z) : 489 (M"^+l) free of compound 

( 3 ) 4- [ 3- ( 4-piperidyl )propionylainino-l-piperidyl ] -4-oxo- 
2 (S ) -benzoylamino-butyric acid 

IR (KBr, pellet) : 3061, 2945, 2862, 1716, 1647, 

1635 cra-1 

NMR (DMS0-d5, S) : 1.04-1.83 (SH, m) , 2.03-2.46 ( 2H, 
m), .2.60-2.78 (2H, m) , 3.09-4.80 (13H, m) , 4.98- 
5.23 (IH, m), 7.34-7.54 ( 3H, m) , 7.84-7.94 ( 2H, 
m), 8-.20-8.89 (IH, m) 

Mass (m/z) : ' 489 (M'*"+l) 
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Example 36 



(1) A mixture of N-[ (R) -l-{3-{ 4-piperidyl )propionyl}-3- 
piperidylcarbonyl ] -3 ( S ) -ethynyi-f3-alanine trif laoroacetate 
(0.57 g) and 4.9 HCl in ethanol (30 mi) was stirred at 
ambient temperature for 2 hours, and the mixture was 
evaporated in vacuo. The residue was purified by HPLc on 
C18 silica gel eluting with a solution of 18% CH3CN in 
0.1% aqueous TFA solution, and the fractions containing 
object coiTtpound were combined and evaporated in vacuo and 
freeze-dried to give N- [( R ) -1- { 3- ( 4-piperidyl ) propionyl } - 
3-piperidyl]-3(S)-ethynyi-p-alanine ethyl ester trifluoro 
acetate (0.52 g ) . 

•[ct]gO = -25.60'= (C=1.0; MeOH) 

IR (Film) : 3280, 2930, 2850, 1760, 272 0 , 16 3 0 cm ^ 
NMR (DMSO-dg, 6) : 1.18 (3H, t, J=7 . IHz ) , 1.26-1.84 
(lOH, m), 2.09-2.19 (3H, m), 2.55-3.28 (9H, m) , 
2.66 (IH, d, J=7.5H2)., 3.68-3.82 (IH, m) , 4.08 
(2H, q, J=7.1Hz), 4.13-4.31 (IH, m) , 4.79-4.93 
( IH, m) , 8 . 10-8 . 63 ( 3H, m) 
Mass (m/z) : 394 (M'^+l)- free of compound 

The following compound was obtained according to a 
similar manner to that of Example 3 6 f 1 K 

( 2 ) N- [ ( R ) -1- { 3- ( 4-piperidyl ) propionyl > -3- 
piperidylcarbbnyl ]-2-benzyl-P-alanine ethyl ester 
trif luoroacetate 

IR (KBr, pellet) : 2945, 2862, 1726, 1680, 1647, 

1624 cm"^ 

NMR (DMSO-dg, 6) : 1.06 (3H, t, J=7 . IHz ) , 1.15-1.66 
{7H, m), 1.75-1.87 (4H, m) , 2.07-2.39 (3H, m) , 
2.71-2.95 (eH, m), 3.09-3 . 32 ( 5H, m) , 3.68-3.84 
(IH, m), 3.96 (2H, q, J=7 . IHz ) , 4.10-4.39 (IH, 
m), 7.14-7.39 (5H, m) , 8.01-8.10 (IH^ m) , 8.16- 
8.30 (IH, br), 8.48-8.60 (IH, or) 

Mass (m/z) : 458 (M'*"+l) free of compound 
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Example 37 

(1) To a solution of N- [ ( R ) -1- ( 1 -tert:-butoxycarbonyl-4- 
piperidyl ) propionyl > - 3-piperidylcarbony 1 ] -3 ( S ) -ethynyl-^- 
alanine (0.61 g) in N , N-dimethylf ormamide (6 ml) was added 
5 potassium carbonate (182 mg ) under stirring at 0°C. After 

stirring at 0°C for 15 minutes, isopropylbromide (0.91 ml) 
was added to the mixture. After stirring at ambient 
temperature for 3 days , the mixture was poured into 
saturated aqueous ammonium chloride, and extracted with 
0 ethyl acetate. The extract was washed with water and 

brine, and dried over MgS04 , and evaporated in vacuo. The 
residue was purified by column chromatography on silica 
gel eluting with {CHCl3:MeOH = 100:1) to give N-[(R)-l-{3- 
( l-tert-butoxycarbonyl-4-piperidyl ) propionyl > -3- 
5 piperidylcarbonyl]-3(S)-ethynyl-^3-alanine isobutyl ester 

(0.63 g ) as an oil . 

IR (Film) : 2920, 1720, 1660, 1620 cm"! 

NMR (CDCI3, S) : 0.95 (6H, d, J=6 : 7Hz ) , 1.01-1.22 

{2H, m), 1.45 (9H, s), 1.40-1.75 (8H, m) , 1.92- 
0 2.02 (3H, m), 2.27 (IH, d, J=2 . 2Hz ) , 2.32-2.40 

{3H, m), 2.61-2.73 (4H, m) , 3.20-3.63 (2h, m), 
3.90 (2H, d, J=6.4H2), 3.83-4.15 and 4.35-4.47 
(total 3H, m), 5.05-5.15 (IH, m), 6.64-6.71 and 
6.99-7.03 (total IH, m) 
5 Mass (m/z) : ' 520 (M"^+l) 

The following compounds were obtained according to a 
similar manner to that of Example 3 7 (1\ . 

0 (2) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 

piperidyl )propionyi>-3-piperidylcarbonyl] -3 (S ) - 
ethynyl-p-alanine 5-methyl-2-oxo-l , 3-dioxol-4-yl- 
methyl ester 

IR (Film) : 3000, 2920, 2850, 1810, 1740, 1640, 
5 1610 cm-i 




NKR (CDCI3, 5) : 1.02-1.23 (2H, m), 1.45 (9H, s), 

1.53-2.10 (IIH, m), 2.19 ( 3H, s), 2.30-2.36 (4H, 
m), 2.60-2.81 (3H, m) , 2.73 (2H, d, J=5 . 7H2 ) , 
3.20-3.61 (2H, m) , 3.99-4.. 15 (2H, m), 4.88 (2H, 
s ) , 6 .95-7 . 04 ( IH, m) 

Mass (m/z) : 576 {M"^+l) 

(3) N-[(R)-l-{3-{l -benzyloxycarbonyl-4-piperidyl ) - 

propionyl} -3-piperidylcarbonyl ] -2 ( S ) -benzoylamino-|3- 
alanine 1- ( cyciohexyloxycarbonyloxy ) ethyl ester 
IR (Film) : 2920, 2950, 1740, 1680, 1650 cm"^ 
NMR (CDCI3, 6) : 0.99-2.00 (30H, m), 1.83 (3H, d, 

J=5.8Hz), 2.30-2.52 (3H, m) , 2.64-2.80 (IH, m) , 
4.07-4.21 {2H, m), 4.57-4.83 ( IH, m), 5.12 (2H, 
s), 7.35-7.51 (lOH, m) , 7,80-7.95 ( IH, m ) , 8.03- 
8.09 (IH, m) 
Mass (m/z^) : 763 (M'^+l) 

(4 ) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4-piperidyl ) - 
propionyl}-3-piperidylcarbonyl ] -3 (S ) -ethynyl-p- 
alanine pivaioyioxymethyl ester 

NMR (CDCI3, 5) : 1.09-1.21 (2H, m) , 1.23 (9H, s), 

1.45 (9H, s), 1.56-1.70 (5H, m) , 1.88-2.05 (5H, 
m), 2.27-2.36 (4H, m), 2.62-2.77 (4H, m) , 3.33- 
3.53 (2H,/m), 4.07-4.18 (3H, m) , 5-08-5.13 (IH, 
m), 5.77 (2H, s), 7.01-7.04 (IH, m) 

Mass (m/z) : 578 (M"^+l) 

( 5 ) N-[ (R) -l-{3 - ( l-tert-butoxycarbonyl-4- 

piperidyl ) propionyl} -3-piperidylcarbonyl ] -2 ( S ) - 
acetylamino-3-aianine benzyl ester 
IR (Film) : 2920, 2850, 1730, 1650, 1620 cm~^ 
NMR (CDCI3, 6) : 1.03-1 . 22 ( 2H, m) , 1.45 (9H, s)., 
1.35-1.77 (7H, m) , 1.99 (2H, s), 2.08 (3H, s), 
2.19-2.51 (4H, m), 2.59-2.74 (2H, m), 3.21-3.43 
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(2H, m), 3-47-3.89- (2H, m) , 4.03-4.21 (3H, m) , 
4.64-4.85 (IH, m) , 5.00-5.18 ( 2H, m) , 7.06-7.19 
(Ih, m) , 7.32-7.40 (oH, m) 

( 6 ) N- [ (R) -l-{ 3- ( l-t:ert-butoxycarbonyl-4-piperidyl ) - 

propiony 1 } - 3 -piperidylcarbonyl ] - 2 ( S ) -acetyiamino-jB- 
alanine 1- ( cyclohexyloxycarbonyl ) ethyl ester 
IR (.Film) : 2930, 2855, 1740 , 1650 , 1620 cm-1 
NMR (CDCI3, 6) : 1.00-1.23 (2H, m), 1.28-1.80 (21H, 
m), 1.45 (9H, s), 1.86-1.98 (3H, m) , 2.04 (3H, 
s), 2.14-2.53 (4H, m ) , . 2 . 6 0-2 . 7 6 ( 2H, m) , 3.12- 
3.33 (2H,. m), 3.41-3.80 (2H, m) , 4.02-4.14 ( 2H, 
m), 4.25-4.44 (IH, lu) , 4.57-4.71 { IH, m) , 6.60- 
6.69 (IH, m), 7.28-7.40 (IH, m) 

Example 3 8 

(1) To a mixture of N-[ (R) -l-{3-( l-tert-butoxycarbonyl-4- 
piperidyi )propionyl>-3-piperidylcarbonyl ] - 
3(S)ethynyl-p-aianine (0.63 g), 4- 

(trif luoromethyi ) benzyl alcohol (0.23 ml) and N,N- 
dimethylaminopyridine (18 mg ) in dichloromethane (7 
ml) was added l-ethyl-3- ( 3-dimethylaininopropyl ) - 
carbodiimide hydrochloride (0.32 g) under stirring at 
0°C. After stirring at ambient temperature for 
overnight, thfe solution was evaporated in vacuo. The 
residue was poured into water and extracted with 
ethyl acetate . The extract was washed with saturated 
aqueous NaHC03 solution, water and brine, and dried 
.over MgS04 , evaporated in vacuo. The residue was 

purified by column chromatography on silica gel 
eluting with (CHCl3:MeOH = 100:1) to give N-[(R)-i- 
{3- ( 1-tert-butoxycarbonyl -4 -piperidyi ) propionyl }-3- 
piperidylcarbonyl ] -3 (S ) -ethynyl-^-alanine 4- 
trif luoromethylbenzyl ester (0.71 g) as an oil. 
IR (Film) : 2920, 2850,1730, 1650, 1620 cm'^ 
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NMR (CDCI3, 5) : 1.01-1.22 ( 2h , m), i.45 (SH, s), 

1,43-1.72 (7H, m), 1.84-2.12 (2H, m ) , 2.28 (IH, 
d, J=2.4Hz), 2.31-2.39 (3H, m ) , 2 . 60-2.90 ( 2H, 
m), 2.77 (2H, d, J=5 . 8Hz ) , 3.19-3.42 ( 2H , m) , 
3.50-3.64 (IH, m), 3.98-4.16 (3H, m), 5.08-5.24 
(IH, m), 5.20 (2H, s), 6.61 and 7.04 (total IH, 
d/ J=8.4Hz), 7.49 (2H, d, J=8.1Hz), 7.63 (2h, d, 
J=8 . 2Hz ) 

iMass (m/2) : 622 (M'^-M) 

The following compounds were obtained according to a 
similar manner to that of Example 3 8 ( 1) . 

(2) N-[(R)-l-{3-( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl } - 3-piperidylcarbonyl ] -3 ( S ) - 
ethynyl-^3-alanine n-butyl ester 

IR (Film) : 2910, 2850, 1720, 1650, 1620 cm"^ 
NMR (CDCI3, 6) : 0.94 (3H, t, J=7 . 2Hz ) , 1.01-1.22 

(2H, m) , 1.31-1.77 (IIH, m) , 1.45 (9H, s), 1.86- 
2.11 (2H, m), 2.28 (IH, d, J=2.3Hz), 2.32-2.40 
(3H,-m), 2 . 60-2.80 (4H, m) , 3.20-3.41 (2H, m) , 
3.52-3.66 and 3.85-4-00 (total IH, m) , 4.12 (2H, 
t, J=6.6Hz), 4.05-4.71 (3H, m) , 5.05-5.16 (IH, 
m), 6.67-6.75 and 7.00-7.05 (total IH, m) 
Mass (m/z) : . 520 (M'^+l) 

(3) N-[ (R)-l-{3-(l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl} -3-piperidylcarbonyl ] -3 ( S ) - 
ethynyl-f3-alanine 2-adamantyl ester 

IR (Nujoi) : 1720, 1660, 1620 cm"^ 

NMR (CDCI3, 6) : 1.01-1.21 (2H, m) , 1.45 (9H, s), 

1.35-1.63 (7H, m), 1.74-1.93 (9H, m), 2.00-2.05 
(4H, m), 2.27-2.39 (4H, m) , 2.61-2.81 (5H, m) , 
3.20-3.40 (2H, m) , 3.54-3 .66 (IH, m) , 3.85-3.98 
(IH, m), 4.05-4.16 (2H, m), 4,37-4.50 (IH, m). 
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4.97-5.03 (IH, m), 5.07-5.17 (IH, m), 6.70-6.78 
( IH, m) , 6 .99-7 ,08 ( IH, m) 
Mass (m/z) : 598 {M"^+l) 

5 Example 39 

To a solution of N- [ { R) -l-{ 3- ( 4 -piperidyl ) propionyl > - 
3-piperidylcarbonyl]-3(S)-ethynyi-J3-alanine ethyl ester 
hydrochloride (0,47 g) in N, N-dimethylf ormamide (5 ml) was 
added potassium carbonate (0-2 g) under stirring at 0°C. 
10 After stirring at O^^C for 15 minutes, a. solution of 4- 

bromoinethyl-5-methyl-2-oxo-l, 3-dioxole (0.19 g) in N,N- 
dimethyif ormamide (1 ml) was added to the mixture. After 
stirring at ambient temperature for overnight, the mixture 
was poured into saturated aqueous ammonium chloride, and 
15 extracted with ethyl acetate. The extract was washed with 

water and brine, and dried over MgS04, and evaporated in 
vacuo. The residue was purified by column chromatography 
on silica gel eluting with (CHCl3:MeOH = 100:1) to give N- 
[ (R)-l-[ 3-{l-( 5-methyl-2-oxo-l, 3-dioxol-4-yl-methyl)-4- 
piperidyl }propionyl ] -3-piperidylcarbonyl ] -3 ( S ) -ethynyl-^i- 
alanine ethyl ester (90 mg) as an oil. 

IR (Film) : 2930, 1810, 1730, 1700, 1655, 1620 cm"^ 
NMR (CDCI3, 5) : 1.11-1.35 (2H, m), 1.28 (3H, t, 

J=7.0H2 ), 1.45-1.80 (9H, m)", 1.90-2.04 (4h, m) , 
2.23 (2H^, s), 2.21-2.42 (5H, m) , 2.65-3.00 (5H, 
m), 3,20-3.34 (IH, m) , 3.51-3.66 (IH, m> , 4.06- 
4.61 (IH, m), 4.18 (2H, q, J=7.1H2), 5.05-5.15 
( IH, m) , 6 .65-7 .03 (IH,- m) 
Mass (m/z) : 504 (M"^+l) 



20 



25 



30 



The following compounds were obtained according to 
similar manners to that of Example 3 7 ( 1) and Example 21 
111. 



35 



Example 4 0 
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(1) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 
piperidylcarbonyi ] -3 ( S ) -ethynyi-iS-alanine benzyl 
ester trif luoroacetate 

IR (KBr) : 3380, 3284, 1780, 1737, 1675, 1623 cm-1 
NMR (DMSO-dg, 5) : 1.26-1.83 (IIH, m) , 2.10-2.31 

(3H, m), 2.56-3,01 (6H, m) , 3.23-3 . 27 ( 3H, m) , 

3.62-3.78 (IH, m) , 4.10-4.32 (IH, m) , 4.87-4,90. 

{IH, m), 5.41 (2H, s), 7.37 (5H, m) , 8.22 (IH, 

hr) r 8.49 (IH, br) 
Mass (m/z) : 454 (M"'"-M) free of compound 

(2) N-[ (R)-l-{3-(4-piperidyl)propionyl}-3- 
piperidylcarbonyl ] -3 ( S ) -ethynyl-fB-alanine 1- 
( cyclohexyloxycarbonyloxy ) -l-ethyl ester 
trif luoroacetate 

IR (KBr) : 3409, 3280, 1760, 1673, 1625 cm"^ 
Mass (m/z) : 534 (M"'"-M) free of compound 

The following compound was obtained according to 
similar manners to that of Example 25 (1^ and Example 2 7 . 

Example 41 

N-[ (R) -l-{3- ( 4-piperidyl )propionyl>-3- 
piperidylcarbonyl ] -3 ( S ) -ethynyl-^-alanine 
pivaloyloxymethyl ^ster 

NMR (D2O, 5) : 1.20 (9H, s), 1.32-1.82 (7H,'m), 

1.95-2.02 (3H, m), 2.54-2,64 (3H, m) , 2.78 (IH, 
d, J=2.4Hz), 2.92-3.05 (5H, m), 3.16-3.32 (IH, 
m), 3.40-3-47 (2H, m) , 3.82-3,87 (IH, m) , 4,09- 
4.29 (2H, m), 4.92-5.01 (IH, m) , 5.80 (2H, s) 
Mass (m/z) : 478 (M''"+l) 

Example 4 2 

N-[ l-{3-( 4-piperidyl )propionyi}-3-piperidyl] -3 (S ) - 
benzoylaminosuccincimic acid hydrochloride ( 245 mg) was 
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dissolved in water and purified by HPLC on C18 silica gel 
elating with (0.1% TFA aqueous solution : CH3CN = 85:15) to 
give N-[ 1- { 3- ( 4 -piperidyi ) propionyl} -3-piperidyl ] -3 ( S ) - 
benzoyiaminosuccinamic acid trif luoroacetate ( 283 mg) . 
IR (Film) : 2500, 1720, 1610 cm-^ 

NMR (DMSO-dg, S) : 1.12-1.88 (IIH, m) , 2.12-3.04 

(8H, m), 3.15-3.31 ( 2H , m) , 3.43-3.85 and 4,16- 
4.29 (total 3H, m) , 4.69-4.83 (IH, m ) , 7.44-7.60 
(3H, m), 7.82-7.95 ( 2H, m) , 8.04-8.11 (IH, m) , 
8.13-8.26 {IH, br), 8.42-8.54 (IH, br) , 8.65- 
8.74 (IH, m) 

Mass (m/z) : 459 (M'''-!-l) free of compound 

The following compounds were obtained according to a 
similar manner to that of Example 3 8 ( 1) . 



Example 4 3 

( 1 ) N-[ (R) -l-{3-( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl > -3-piperidylcarbonyl ] -3 ( S ) - 
ethynyl-j3-alanine n-pentyl ' ester 

IR (Film) : 2930, 2860, 1720, 1650, 1620 cm~^ 
NMR (CDCI3, 6) : 0.91 (3H, t, J=6 . 7Hz ) , 1.01-1.23 

(2H, m), 1.31-1.37 (6H,-m), 1.45 (9H, s), 1.52- 
1.73 (9H, m), 2.28 (IH, d, J=2.3Hz), 2.33-2.40 
(3H, m), .2.60-2.76 (4H, m) , 3.19-3.71 (3H/ m) , 
.4.04-4.15 (3H, m), 4.11 (2H, t, J=6.6HzV, 5.05- 
5.15 (IH, m), 6.67-7.08 (IH, m) 

(2) N-[ (R)-l-{3-( l-tert-butoxycarbonyl-4- 
piperidyl ) propionyl } - 3 -piper idylcarbonyl ] - 3 ( S ) - 
ethynyl-3-alanine n-hexyl ester 

IR (Film) : 2930, 2860, 1720, 1660, 1640, 1620 cm"^ 
NMR (CDCI3, 6) : 0.89 (3H, t, J=6 . 6Hz ) , 1.00-1.22 

(2H, m), 1.27-1.40 (7H, m) , 1.45 (9H, s), 1.51- 
1.79 (lOH, m), 2.28 (IH, d, J=2.3Hz), 4.06-4.14 



- 154 - 



(3H, ru), 4.11 (2H, t, J = 6 . 6Hz ) , 5.05-5.16 (Ih, 
m) , 5 . 72-7 . 08 ( IH, m) 

(3) N-[ (R)-l-{3-( l-tert:-butoxycarbonyl-4- 

piperidyi ) propionyl } -3-piperidylcarbonyl ] -3 ( S ) - 
ethynyl-3-alanine 4-chlorobenzyl ester 
IR (Film) : 3000, 2980, 2925, 2860, 1730, 1675, 
1660, 1520 

NMR {CDCI3, 6) : 1.00-1.21 (2H, m), 1.45 (9H, s), 

1.39-1.77 ( 9H, m), 2.27 ( IH, d, J = 2 . 3Hz ) , 2,31- 
g 2.39 (3H, m), 2.60-2.75 ( 4H, m) , 3.20-3.60 ( 3H, 

m ^) r 3.93-4.14 .(3H, m) , 5.05-5-19 (IH, m) , 5.11 

m (2H, s), 6.86-7.07 (IH, m) , 7.33 (4H, s) 

pl5 The following compounds were obtained according to a 

similar manner to that of Example 2 5 f 1) . 

fil Example 44 

;=5 (1) N-[ (R)-l-3-(4-piperidyl)propionyl}-3- 

M2 0 piperidylcarbonyl ] -3 ( S ) ethynyl-j3-alanine n-pentyl 

ester hydrochloride 

IR (KBr, pellet) : 3413, 3041, 2947, 2862, 1734, 

1657, 1610 cm-1 
NMR (DMSO-dg, 5) : 0.87 (3H, t, J=6 . 5H2 ) , 1.28-1.88 
25 (17H, m)/ 2.06-2.38 (3H, m), 2.60-3.19 (8H, m), 

3.32-3.80 (2H, m) , 4.03 (2H, t, J=6.5Hz); 4.10- 
4.32 (IH, m), 4.79-4.92 (IH, m) , 8.53- (IH, dd , 
J=13.3 and 8 . IH2 ) , 8.51-8.69 (IH, br), 8.85-8.96 
(IH, br) 

30 

(2) N-[ (R) -1-3- (4-piperidyl) propionyl} -3- 

piperidylcarbonyl ] -3 ( S ) -ethynyl-^-alanine n-hexyl 
ester hydrochloride 

IR (KBr) : 3408, 3035, 2958, 2933, 2858, 1736, 1653, 
35 1616 cm-1 
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(3) N-[(R)-i-{3-{ 4-piperidy i ) propionyl > - 3 - 

piperidylcarbonyl ] -3 ( S ) -ethynyl-J3-aianine 4- 
chiorobenzyl ester hydrochloride 

IR (KBr, pellet) : 3458, 3034, 2949,2862, 1736, 

1649, 1618 cm"l 

NMR (DMSO-dg, 5) : 1.21-1.84 (IIH, m) , 2.09-2.36 

(3H, m), 2.59-3.10 (7H, m) , 3.17-3.31 (3H, m) , 
4.09-4.34 (IH, m), 4.82-4.94 (IH, m) , 5.11 ( 2H, 
s), 7.40 (2H, d, J=9.0Hz), 7.45 (2H, d, 
J=8.7Hz), 8.47-8.58 (IH, m) , 8.47-8.64 (IH, br), 
8.80-8.90 (IH, br) 



